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SUMMARY 
These experiments were undertaken to determine the 
effects of liming on certain groups of soil bacteria in a 
typical Wisconsin drift soil. They justified the following 
general conclusions: 
1. Applications of lime up to three tons per acre lead to 
an increase in the numbers of bacteria developing on "modi-
fied synthetic" agar. They also produce an increase in 
ammonification, nitrification, and in nitrogen fixation when 
these processes are tested by the beaker method. These 
increases are in all cases almost proportionate to the amount 
of lime applied. 
2. Natural increases in numbers of bacteria tend to ob-
scure the effects of applications of lime, while natural 
decreases make them more pronounced. 
3. Peptone solutions do not permit of the determining 
of the largest number of bacteria which will destroy humus 
with the production of ammonia. 
4. The beaker method, with dried blood or cottonseed 
meal for ammonification, with ammonium sulfate or dried 
blood for nitrification, and with mannite for nitrogen fixa-
tion, is eminently satisfactory. 
5. The ammonification of dried blood or of cottonseed 
meal runs parallel with the numbers of bacteria while there 
is very little relation between the ammonification of peptone 
solutions and numbers. 
6. Increased nitrification leads to slight accumulations 
of nitrates in the soil. 
7. Natural accumulations of nitrates in the soil tend to 
obscure tlle differences due to the lime treatment. 
8. The solution method for nitrogen fixation is quite un-
reliable. 
9. Applications of lime increase the yield of oats; one-
half and one ton per acre very slightly, but two and three 
tons to quite a large extent. 
10. Applications of lime up to three tons per acre in-
crease the nitrogen content of the oats crop more rapidly 
than the yield itself. 
Some Bacteriological Effects of Liming 
By Percy Edgar Brown 
I. INTRODUCTION 
GENERAL 
The use of lime in agriculture is exceedingly old. Men-
tion is made of it in the writings of certain Romans many 
years before the Christian era. At that early date its 
benefits were clearly recognized but the reason for its bene-
ficial action on most soils was not known. As time went on 
the relation of lime to crop production became a subject of 
considerable importance, and almost a century ago J ohnstoll 
spoke of lime as the "basis of all good husbandry." 
Since that time multitudinous experiments with liming 
have been carried out under a great variety of conditions 
and many facts and theories regarding its action have been 
evolved. In the earliest investigations calcium was classed 
among the essential plant food constituents. It was natural, 
therefore, that the first theory regarding the beneficial 
action of lime should be that it supplied a lack of calcium. 
It soon became evident, however, that lime increased the 
crop yields of soils showing an abundance of calcium. Also, 
chalk soils and soils of limestone origin yielded larger crops 
when lime was applied. Hence it became necessary to look 
further for the explanation of such phenomena. Very soon 
lime came to be classed as an indirect manure and its action 
was recognized to be the resultant of several forces working 
in opposition or in harmony. These forces are now classed 
as physical, chemical, physiological, and bacteriological. 
PHYSICAL EFFECTS OF LIMING 
The physical effects of liming are two-fold, depending on 
the character of the soil. 
On heavy clay soils, lime causes a flocculation of the fine 
particles and thereby materially improves the tilth, increas-
ing aeration and facilitating the circulation of water. The 
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chemical and bacteriological changes in the soil are conse-
quently affected, leading to the presence of larger amounts 
of soluble plant food and subsequently to increased crop 
production. 
On light, sandy soils lime causes a reduction in porosity. 
This increases the water-holding power, limits oxidation 
processes and favors bacterial activity. 
Hence, while the benefits of liming may apparently be 
physical only, altered physical conditions bear such an im-
portant relation to chemical and bacteriological activities 
that the three factors should be considered together. 
CHEMICAL EFFECTS OF LIMING 
The chemical effects of liming are mainly those dealing 
with the supply of plant food in the soil. Potash, and in 
some cases phosphoric acid, are the main constituents 
affected. So great is the action of lime in liberating potash 
from insoluble compounds that it is regarded in many cases 
as an indirect potash fertilizer. In soils where phosphoric 
acid exists as iron or aluminum compounds, lime reacts 
with them, forming calcium phosphate. Consequently in 
this case liming may be regarded as an indirect application 
of phosphoric acid. 
On the other hand if lime is added to soils containing 
large amounts of calcium phosphate, the change of phos-
phorus into a soluble form is retarded. 
Another effect of liming which may be regarded as chemi-
cal is its neutralization of acid substances. These sub-
stances are in the soil as the direct result of the growth of 
crops and also of the decay of humus and in the absence of 
some base may accumulate so largely as to exert a decidedly 
depressing effect on crop production. Here again we find a 
complexity of factors, for such an accumulation of acid 
substances reduces crops not only because of its chemical 
action, but also because of its restriction of bacterial activi-
ties and consequent reduction of plant food and because of 
the physiological action on the plants themselves. 
PHYSIOLOGICAL EFFECTS OF LIMING 
Plants are materially affected by acid conditions not only 
because they diminish the supply of plant food, but also 
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because of their direct physiological effect on the plants 
themselves. This effect naturally varies with the plant as 
well as with the nature of the acid substance and soil con-
ditions. Lime, then, in neutralizing such acid substances 
has a direct physiological effect on the plants. Furthermore, 
it has been shown that the relation of calcium to magnesium 
in the soil is of vital importance to plants physiologically, 
and hence applications of lime by altering the normal ratio 
in soils may benefit or harm plants. 
BACTERIOLOGICAL EFFECTS OF LIMING 
Bacteria are very sensitive to any change in reaction in 
a culture medium and consequently the reaction of a soil 
largely determines the bacterial flora of that soil. In all 
the bacterial soil processes which deal with the transforma-
tion of plant food, lime plays an important part. It vitally 
affects the decay bacteria and the increase or retarded de-
struction of humus leads to changes in carbon dioxide pro-
duction which in turn affect the solution of potash and 
phosphoric acid compounds. Furthermore, the transforma-
tion of proteins in the humus into nitrates may thus be 
materially influenced. 
Lime affects not only the decay bacteria but also those 
organisms which are active in the other stages of simplifica-
tion of nitrogenous compounds. The ammonifying power 
of a soil may be increased or diminished by applications of 
lime and in nitrification lime is absolutely essential to 
provide a base to neutralize the nitrous and nitric acids 
produced. Nitrogen fixation, whether symbiotic or non-
symbiotic, is quite dependent on the presence of lime. In 
fact, the inoculation of most legumes is impossible without 
lime. It has also been demonstrated that azotobacter refuse 
to grow under acid conditions and that for any fixation of 
nitrogen to occur, lime is necessary. 
Thus it is evident that lime largely influences the rate of 
decomposition of plant food in the soil through its influence 
on bacterial activities, and consequently the bacteriological 
effects of liming are directly related to the effect on Boil 
fertility. 
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HISTORICAL 
In 1871, when the beneficial effects of lime were still little 
understood, Peterson1 showed that in soils treated with lime 
there was a production of three to six times as much carbon 
dioxide as in untreated soils. While he did not venture an 
explanation of this increase, in the light of later experiments 
it is evident that it represented larger decay of organic 
matter. 
Wollny2 found likewise that additions of lime increased 
the carbon dioxide production and he suggested measuring 
the gas as an indication of the decay power of the soil. That 
suggestion remained unnoticed for some time, but has re-
cently been brought to light and will undoubtedly prove of 
much value in the future. 
Ebermayer3 and Hilgard,4 and later Hartwell and Kel-
logg,5 confirmed these results, proving conclusively that lime 
increased the decay of organic matter in the soil. 
ChesterG was the first to study the effect of lime on the 
numbers of soil bacteria. In three experiments, using ap-
plications of 1,000, 2,000, and 4,000 pounds of lime per acre, 
respectively, he found that the number of organisms devel-
oping on bouillon agar increased gradually, depending on 
the amount of lime applied. 
Further work by the same author7 showed the largest 
increase in numbers with applications of 4,000 pounds of 
lime, and he concluded that the favorable action of the lime 
on the soil organisms was not "due to any direct action of 
the lime but due to the more favorable reaction which the 
lime gave the soil." 
Fabricius and v. Feilitzen8 and Engberding9 found simi-
lar increases in bacteria due to lime while Ehrenberg10 
'Landw. Vel's. Sta. 13, (1871), p. 160. 
' Journ . f. Landw. 34, (1886), p. 213. 
8 Forsch. Agrik. Phys. (1890), XIII. p. Hi. 
'Forsch . Agrik. Phys. (1892), p. 400. 
' Report Rhode Island, Expt. Sta. 1904-05. 
'Report Delaware, ExPlt. Sta. 1901 , p. 50. 
'Bulletin 65, Delaware, Expt. Sta. 
8~ntbl. f. tBakt. (etc.) 2 abt., 14 (1905), p. 166. 
·Centbl. f. Bakt. (etc.) 2 abt .. 23 (1909), p. 603. 
lOLandw. Jahr, 33 (1904), p. 91. 
c-- -----------------~~---~- ~ - ---
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showed that in most cases a lack of lime accounted for small 
numbers of organisms. 
Fischer' obtained slightly different r,esults, showing that 
lime at first caused a depression in numbers of bacteria 
from five million to one-half million per gram of soil in 
seven days. Subsequently, however, there was an enormous 
increase to sixty-seven millions of bacteria in twenty-two 
days, one hundred and five millions in forty-two days, and 
four hundred millions in one hundred and fourteen days. 
The results of previous quantitative determinations then, as 
a whole, show the decidedly beneficial action of lime on the 
numbers of microorganisms in the soil. 
Quite a little work has been carried out to show that lime 
increases ammonia production in the soil and consequently 
bears an important relation to fertility conditions. 
Remy2 showed increased ammonia production in peptone 
solutions where lime was added. The same author3 at a 
later date, Ehrenberg4 and Wohltmann, Fischer, and 
Schneider," confirmed these results, Remy's peptone solution 
method being employed in each case. In several experiments 
carried out at the New Jersey Experiment Station,6 lime 
invariably increased the ammonifying power of the soils 
tested, whether the peptone or the gelatin solution method 
was employed. 
The effect of lime on nitrification and the necessity for the 
presence of lime in the soil for the process to occur, have 
long been a matter of common knowledge. Peterson in 
I87l, in connection with his work on carbon dioxide produc-
tion, found increased nitrate production where lime was 
applied. These results have been amply confirmed in recent 
years in a great many investigations.7 
'Landw. J abr. 38 (lOOD), p. 358. 
'Centbl. of Bakt. (etc.) 2 abt., 8, (1002) , p. 662. 
' Landw. Jain. 35, Erg. IV, (l!IOli), p. l. 
'Landw. Jabr. 33, (1904) , p. 15. 
' Journ . Landw. 52 (1904), p. 97. 
' Bulletin 210, N. J. Expt. Station. 
N. J. Station R,eport 1906, 1907 and 1908. 
'Balling- Jabr. f. osterr. Landw. 2, (1862), p. 39, ref. Jab res. f. Agri. Cbem. 
5, p. 9l. 
Picbard~Compt. Rend. 1884, p. 1280 and 1891 , p. 1445. 
Hilgard-Forscb. Agrik. Pbys. 1892, p. 400. 
Ewell and Wiley-Journ. Am. Cbem. Soc. 18, (1896), p. 478. 
Poizenillsz- Zeitscb r. f. d. Landw. Versllcbswcsen in bsterreicb 1898, p. 235, 
ref. Biederman' s Centbl. f. Agri. Chern. 28, (1899), p. 12. 
Wobl t mann. Fiscber & Scbn eider . Journ . Landw. 52, (1904) , p. 97. 
Rcmy- Landw. J abI'. 35, Erg. IV, (1906), p. 1. 
56 
The effect of lime on non-symbiotic nitrogen fixation has 
also been the subject of considerable investigation and the 
.conclusion has been reached that the presence of lime is 
absolutely essential for the growth of the non-symbiotic 
nitrogen fixers. ' In recent times the close relation between 
nitrogen fixation and lime has become so clearly recognized 
that the presence or absence of azotobacter has been con-
sidered an indication of the lime requirement of the soiL" ' 
Ehrenberg-Landw. J ahr. 33, (1904), p. 15. 
Boniime-Rap. Ann. Stat. Agron . Mauritius, 1896, p. 74, ref. Expt. Sta. R ecord 
9, p, 73. 
Dumont-Comp. Rend. 125, (18D7), p. 469. 
Liechti & Moser----Landw. Jahr. d. Schweiz 18 (1904) , p. 153. 
:\furmann , o sten'. Chemikerztg. (2) 10, (1907), p . 181. Ref. Chem. Zen tra lbl. 
(3) 11, (190'i), p. 6-1. 
Withe rs & Fl'aps- ,Tourn. ArneI'. Chern . Soc. 24 (1902) , No.6 , p. 528. 
Stut"Cl'~:l1itth eilungcn del' Deutsch en Landw. Gesell XIV, p. 96. 
Fischcr-Jonrn. f. Landw. 33 (1904), p. 102. 
Krliger - Inaug. Diss. Konigsbcl'g, 1908, rcf. Bot. Centbl. 114 (1010), Xo. 9, 
p . 238. 
Lipman & Brown, N. J., Expt. Stu. Rpt. 1907, 
'Fisch er , Ccntbl. f. Bald. (etc.) 2 abt. 14 (1905), p. 73. 
neinze~Centbl. f. Bakt. (etc .) 2 abt. 14 (1903) , p. 174. 
Lipman-N. J. Expt. Sta. Rpt. 1904, p. 262. 
Krliger- Jnaug. Diss. Konigsberg 1908, p. 58, r ef. Bot. Cen tbl. 114, (1910), No. 
fl, p . 238. 
'Chri s t ensen & L a rsen, Centhl. f. Bakt. , (e t c.) 2 abt. 20, p. 347. 
II. 1'HE OBJECT OF 1'HE EXPERIl}[ENTS 
The object of the experiments reported in this bulletin 
was to determine the effects of applications of ground lime-
stone on certain groups of soil bacteria in a typical Wiscon-
sin Drift soil. 
Some of the soils were cropped to ascertain the relative 
effect of lime on an ordinary crop and on the bacterial flora. 
Determinations were made of the numbers of bacteria in 
the soils by counting the colonies developing on the so-called 
"modified synthetic" agar in Petri dishes. 
The ammonifying, nitrogen-fixing, denitrifying and 
nitrifying powers of the soils were tested, the latter by the 
beaker method and the others by the beaker method and the 
older solution method, in order to obtain some idea of the 
eftects of lime on these various groups of bacteria and also 
to throw additional light, if possible, on the relative values 
of the soil and the solution methods. 
An attempt was thus made to correlate the crop yield, the 
total number of bacteria, and the number of bacteria of cer-
tain groups, as determined by their physiological activities, 
when under the influence of applications of ground lime-
stone. 
III. 11HE PLAN OF THE EXPERTMENTS 
Twenty earthenware pots, each containing thirty pounds 
of sieved, fresh soil, were employed in this experiment. The 
soil was typical of the Wisconsin Drift, being classed by the 
Bureau of Soils as Marshall loam. It was obtained from 
an experimental plot to which no lime had ever been ap-
plied; which, during the preceding five years had been 
continually in corn and which prior to that time had been 
in a general farming rotation. Applications of ground lime-
stone were made in amounts representing one-half, one, two, 
and three tons per acre. Ten pots were left bare for the 
bacteriological work and ten were planted to oats in Decem-
ber, when the experiment was started. The germination of 
the oats was very good and as soon as they developed the 
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plants were thinned out to leave twenty-five per pot, that 
being deemed the optimum number for the size of the pots. 
The plan of the experiment was as follows: 
Pot. No. 
I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Treatment. 
No lime. 
No lime. 
No lime, oats. 
No lime, oats. 
1,000 pounds lime per acre. 
1,000 pounds lime per acre. 
1,000 pounds lime per acre; oats. 
1,000 pounds lime per acre; oats. 
2,000 pounds lime per acre. 
2,000 pounds lime per acre. 
2,000 pounds lime per acre; oats. 
2,000 pounds lime per acre; oats. 
4,000 pounds lime per acre. 
4,000 pounds lime per acre. 
4,000 pounds lime per acre; oats. 
4,000 pounds lime per acre; oats. 
6,000 pounds lime per acre. 
6,000 pounds lime per acre. 
6,000 pounds lime per acre; oats. 
6,000 pounds lime per acre; oats. 
The limestone was very carefully mixed with each thirty 
pounds of soil on a sterile oil-cloth and then the mixture 
replaced in the pots. 
The pots were kept in the greenhouse, the temperature 
being fairly uniform throughout the experiment. 
The soils were maintained at a uniform moisture content 
by weighing the pots every third day and adding water to 
weight. The table given in connection with the quantitative 
determinations shows that the moisture conditions varied 
very slightly from fifteen per cent at all dates of sampling. 
IV. THE METHODS EMPLOYED 
QUANTITATIVE METHOD 
Ever since the beginning of soil bacteriological investi-
gations attempts have been made to determine the total 
l1umber of bacteria present at any time by counting the 
colonies developing on some convenient medium, with the 
view of obtaining some relation between numbers and soil 
fertility conditions. 
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Bouillon agar was the first medium employed, but Hilt-
ner and Stormer' after carefully considering its advantages 
and disadvantages as compared with bouillon gelatin, de-
cided on the latter because of its ease of preparation and 
inoculation, and because it permitted of the growth of cer-
tain characteristic groups of soil organisms. Later investi-
gations have shown that agar is preferable to gelatin because 
of the high nitrogen content of the latter and also because 
of difficulty in its manipulation due to its rapid liquefaction 
by many soil bacteria. 
Bouillon agar, however, was found to be far from satis-
factory and a "synthetic" agar2 was proposed containing 
dextrose, potassium nitrate, potassium acid phosphate, and 
magnesium sulfate. After careful comparison of the results 
obtained on this medium with those on agar, it was found 
that the former permitted the development of a much 
greater number of organisms and also checked the growth of 
the so-called spreaders which constitutes such a source of 
difficulty on bouillon agar. Comparisons were then made of 
results obtained by using slight modifications of this medium. 
Thus peptone and ammonium sulfate were in turn substi-
tuted for potassium nitrate as sources of nitrogen, and the 
acidity of the medium W3JS varied. The results3 obtained 
showed that the greatest number of colonies appeared on the 
plates when the medium contained peptone and when none of 
the acidity occasioned by the potassium acid phosphate was 
neutralized. 
MEDIUM ADOPTED FOR THIS INVESTIGATION 
The medium used in this experiment was made up accord-
ing to these directions and may therefore be called "modi-
fied synthetic" agar: 
1000. c. c. Water. 
10.00 gms. dextrose. 
0.50 gms. K,HPO •. 
0.20 gms. MgSO •. 
• 0.05 gms. Peptone. 
20.00 gms. agar. 
The plates were prepared by the usual dilution method. 
One hundred gms. of fresh samples of soil obtained as 
described later were shaken with 200 c.c. portions of sterile 
'Studien tiber die Bakterienfiora des Ackerbodens, etc., B erlin , 1903, p. 447. 
'Lipman & Brown, N. J. Sta. Rept., 1908, R. 132. 
' Lipman & Brown , Centhl. f . Bakt., (etc.) 2 Abt. 25 (1910), p . 447. 
·1 
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water for five minutes. Then by means of sterile pipettes 
transfers were made thus: 
1 c.c. into 99 C.c. of sterile water, (a); after thoroughly 
shaking (a), 10 c.c. were transferred to 90 C.c. of sterile 
water, (b); then 10 C.c. of (b) transferred to 90 C.c. of 
sterile water, (c); and finally 10 C.c. of (c) transferred to 
90 C.c. of sterile water, (d); thus in the (b), (c), and (d) 
dilutions, the values were 1-2,000, 1-20,000, and 1-200,000 
respectively. 
1 C.c. of each (c) and (d) dilution was then transferred 
to sterile Petri dishes and 10 C.c. of liquefied and cooled 
(40°C) "modified synthetic" agar were poured in and the 
plates rotated carefully to insure a uniform distribution of 
the inoculum. The plates were then incubated at 20°C for 
three days. 
The same methods were employed at all samplings. 
PHYSIOLOGICAL METHODS 
It has long been a recognized fact that mere determina-
tions of numbers of bacteria are of little value from the soil 
fertility standpoint. The correlation of numbers with the 
physiological activities of the soil flora is absolutely essen-
tial. 
Remy! proposed the use of solutions made up to favor 
specific groups of soil bacteria and inoculated these with 
known quantities of soil, measuring the extent of the changes 
brought about by the particular group of organisms by 
determining chemically the end product of the change. 
A discussion of the results obtained by this method and 
with various modifications has been given by Lipman2 and 
will not be entered upon here. 
Suffice it to say that while many experiments have been 
carried out using the solution method, it has been com-
monly conceded that the results obtained do not permit of 
conclusions applicable to field conditions. As Lipman says, 
"the present method ... while it allows of a certain differen-
tiation in the bacterial processes in the soil ... does not per-
mit this differentiation to be carried far enough." 
'Cen tbl. f. Bakt., (etc.). 2 Abt. 8, (1902), pp. 657-699, 728, 761. 
'Bul. 194, o. E. S., U. S. Dept .. \ g ri. 
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In 19071 a method was proposed using the soil itself as 
a medium and the results obtained by preliminary investi-
gations gave indications of its value. 
Many experiments have since been conducted by the same 
authors2 dealing with the perfecting of the details of the 
method and while it is still somewhat unsatisfactory and 
open to objections, results have shown its superiority to the 
old solution method and that it gives more accurate indica-
tions of field conditions. 
THE SOLUTIONS USED 
One of the objects of this experiment was to determine 
the relative values of the solution and the soil methods and 
to this end the following solutions were employed, each 
being divided into 100 c.c. portions in flasks, plugged, and 
sterilized as usual before inoculation: 
Ammonification.- 1000 c. c. water 
~O gms. peptone. 
Nitrogen-fixation.- 1000 c. c. distilled water 
15 gms.mannite 
0.5 gms. K,HPO. 
0.2 gms. MgSO. 
0.02 gms. CaCI, 
1 drop 10 per cent sol. Fe, (SO.) , 
Denitrification.- 1000 c. c. distilled water 
2 gms. K,HPO. 
2 gms. MgSO. 
1 gm. KNO, 
5 gms. citric acid 
0.2 gm. CaCI, 
2 drops 10 per cent sol. F ,CI. 
neutralize with NaOH 
2 gms. dextrose 
In the beaker method the soil itself was used as a medium. 
At the beginning of the experiment, a quantity of soil 
taken from the same plot from which that used in the pots 
had been obtained, was brought to the laboratory, air-dried, 
sieved, and stored for use. One hundred gram portions of 
this soil were weighed off in tumblers for all the different 
tests and the proper materials added and stirred in thor-
' N. J. Sta. Report 1908, p . 129. 
' Lipman & Brown , Centbl. f. Bakt., (etc.), 2 Abt., 26 (1910) , p. 590. 
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oughly by means of a sterile spatula. These materials, se-
lected to favor the development of certain groups of bacteria, 
were as follows: 
Ammonification.- 5 gms. dried blood (D. B.) 
5 gms. cottonseed meal (C. S. M.) 
Nitrification.-100 mgs. (NH.) 2S0. 
200 mgs. dried blood (D. B.) 
Nitrogen-fixation.- l gm. mannite 
Denitrification.- 0.5 gm. NaNO, 
One hundred grams of the freshly sampled soil were 
shaken for five minutes in 200 C.c. of sterile water and 20 
C.c. of this infusion (= 10 gms. soil) constituted the in-
oculum, both for the solutions and for the soils. 
In order to secure optimum moisture conditions in the 
soil it was necessary to add 5 C.c. of water to all. In the 
ammonification experiments 12 c.c. additional of water were 
necessary to provide for the presence of organic matter con-
taining the optimum moisture (70 per cent). 
The tumblers were then covered with Petri dish covers and 
incubated for varying lengths of time; for the ammonifica-
tion experiments, commonly six or seven days; nitrification 
experiments, six weeks; denitrification, ten days; and nitro-
gen fixation, seven and fifteen days. 
During the continuance of the nitrification experiments, 
the loss of moisture occasioned by evaporation was replaced 
every ten days by adding water to weight. 
DETERMINATION OF AMMONIA AND NITRATES 
At the end of the incubation period the ammonia produc-
tion in peptone solutions was determined by adding a little 
paraffin and heavy magnesium oxide and distilling off the 
ammonia, collecting it in standard acid, and titrating again~t 
standard alkali. 
In the ammonification experiments in beakers the soils 
were transferred to copper flasks, using about 250 c. c. of 
water to accomplish complete removal. Paraffin and heavy 
magnesium oxide were added and the ammonia distilled and 
collected as usual. 
In the nitrification experiments the nitrates were leached 
out of the soil, a little lime being added to insure a clear 
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filtrate. Aliquots were evaporated to dryness and the 
nitrates determined by the phenol-sulfonic acid method. 
In the denitrification experiments in the Giltay solutions, 
the presence of nitrates was tested with diphenylamine and 
when all had disappeared, the solutions were digested by the 
regular Kjeldahl method for total nitrogen. 
In the soils, the nitrates were leached out and determined 
by the phenol-sulfonic acid method and the residues were 
dried, ground and analyzed for total nitrogen by the Kj eldahl 
method. 
The nitrogen fixation by the soils in mannite solutions 
was determined by digesting and determining the total nitro-
gen by the Kjeldahl method. In the beakers, the soils were 
dried, ground, and analyzed by the Kjeldahl method for total 
nitrogen. 
SAMPLING THE SOIL 
Samples were taken from the uncropped pots at irregular 
intervals, four samplings in all being made. They were 
drawn very carefully. The surface soil was removed to a 
depth of 1% to 2 inches with a sterile spatula and placed 
on a sterile oil cloth. Then about four inches of the soil was 
thoroughly stirred with the spatula and a sample drawn in 
a sterile jar, after which the surface soil was replaced in the 
pot. The sample was then taken to the laboratory and the 
inoculations performed as quickly as possible. 
L6hnis has shown that the surface soil is relatively poor 
in bacteria compared with the second and third two inches. 
He has also shown that, due to accidental contamination, the 
surface soil is not as satisfactory for bacteriological exam-
inations as the soil immediately below it, which permits of 
optimum moisture and aeration conditions for bacterial 
developments. It is very difficult to obtain agreement of 
duplicate tests where the surface soil is employed. 
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V. THE QUAN1'ITATIVE DETER-
MINATIONS 
Four samplings were made during the experiment, the 
first January 27, (I), the second February 10, (II), the third 
February 24, (III), and the fourth March 21, (IV). 
Plates were prepared as has already been described. The 
numbers of bacteria obtained in the different soils are given 
in Table I, the results being calculated to the air dry basis. 
TABLE I. QUANTITATIVE DETERMINATIONS 
Bacteria per Gram of Air Dry Soil. (3 days at 20°C.) 
(The figures below all represent thousands. the ciphers having been omitted.) 
ISOil I Jan. 27 1 Aver. I F eb. 10 I . ," ver. 1 1eeb. 241 .\.vel·. I Mar. 21 1 Aver. I No. r. II. III. IV. 
I 
1 2,046 4,056 3,010 1,790 
2 2,208 2,127 4,362 4,209 3,108 3,059 2,070 1,930 
5 2,540 5,010 3,580 2,138 
6 2,654 2,597 4,476 4,743 3,764 3,622 2,546 2,342 
9 2,940 5,262 3,632 2,728 
10 3,104 3,022 5,034 5,148 3,962 3,797 2,846 2,787 
13 3,504 5,740 4,598 3,066 
14 3,528 3,516 5,976 5,858 4,316 4,457 3,254 3,160 
17 4,234 7,008 5,292 3,698 
18 4,186 4,210 6,830 6,919 5,102 5,197 3,834 3,766 
The percentage of moisture present in the soils at the 
different samplings is given in Table II. 
TABLE II. PER CENT OF MOISTURE IN SAMPLES 
Soil No. Jan. 24 Feb. 7 Feb.2l March 16 
I. II. III. IV. 
1 15.00 15.20 15.00 15.10 
2 14.90 15.20 15.10 15.00 
5 15.00 15.00 15.10 15.10 
6 14.85 15.10 15.00 15.20 
9 15.00 15.25 15.20 15.00 
10 15.00 15.00 15.20 15.00 
13 15.10 15.00 15.20 15.20 
14 15.00 15.00 15.20 15.20 
17 15.00 15.25 15.35 15.10 
18 15.00 15.10 15.35 15.10 
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It will be noticed here, as previously stated, that there was 
very little variation in the moisture conditions during the 
entire experiment; the greatest difference between two soils 
at anyone date being 0.35 per cent February 21, and the 
largest variation at any time during the experiment, 0.50 
per cent. Thus we may consider the moisture conditions 
practically constant, and attribute any differences in num-
bers of bacteria or in their physiological activities to the 
applications of limestone. 
STRIKING DIFFERENCES IN BACTERIAL COUNT 
Turning to Table I we find that different treatments led 
to some striking differences in the numbers of bacteria in 
the soils. 
At the first sampling one-half ton of lime per acre gave 
an increase of 470,000 bacteria per gram of soil over tne 
check soil. One ton gave a further increase of 425,000 bac-
teria, two tons an increase of 494,000 bacteria, and finally 
three tons, a ~till further increase of 694,000 bacteria. This 
made a total increase for the three ton application of 2,083,-
000 bacteria per gram of soil. 
The lime caused a rather regular increase in bacteria, but 
with a greater rate of increase between the two and three 
ton applications. The curve which has been plotted for this 
determination i.s almost a straight line. 
THE SECOND SAMPLING 
At the second sampling the differences were very similar. 
The one half-ton application caused an increase of 534,000 
bacteria over the check soils, one ton an increase of 405,000, 
two tons an increase of 710,000 and three tons an increase 
of 1,061,000 bacteria, giving a total increase for the three 
ton application of 2,710,000 bacteria. Here the noticeable 
facts are that while there was a regular increase in bacteria 
up to the one ton application, beyond that the incr~ase was 
more rapid, and that the differences were much greater than 
at the first sampling. 
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THE THIRD SAMPLING 
February 24 we find that one-half ton of lime caused an 
increase of 563,000 bacteria per gram over the check soils, 
but an additional application of one-half ton gave an increase 
of only 175,000 bacteria per gram of soil. Then the two 
tons caused a jump of 660,000 bacteria, and the three tons a 
further gain of 740,000 bacteria, making a total gain for 
the three ton application of 2,138,000 bacteria. 
At this third sampling then the greatest gain occurred 
between the two and three ton applications and the gain over 
the check soils occasioned by the three ton application of 
lime was practically the same as that brought about at the 
first sampling although the numbers were all much larger. 
THE FOURTH SAMPLING 
March 21, one-half ton of lime gave a gain of 412,000 
bacteria, one ton a gain of 445,000 bacteria, two tons a gain 
of 373,000, and three tons a gain of 606,000 bacteria. 
Here the greatest gain occurred between the two and 
three ton of lime application and the total gain for the three 
ton application over the check was 1,836,000 bacteria. 
Considering these results in their entirety we find that 
applications of ground limestone increased the number of 
bacteria in the soil rather uniformly. The larger the amount 
applied, up to three tons per acre, the greater the number of 
bacteria. This may be seen very clearly by examining the 
curves in Plate I. 
. With all the applications of lime the largest percentage 
gains in bacteria occurred at the first sampling. Following 
this a large increase in bacteria occurred in all the soils, 
and the larger numbers partially covered up the differences 
due to lime. At the subsequent dates, the number of bac-
teria was diminished in all the soils and the percentage 
gains for the different applications of lime became larger 
until at the fourth sampling they were practically the same 
as those at the first date. 
EXPLANATION OF VARIATION IN NUMBERS 
'l'hus we find that a natural increase in numbers of bac-
teria has a tendency to hide the differences occasioned by 
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the lime treatment while a decrease makes the differences 
more pronounced. Just why this should be so is not appar-
ent and further confirmatory results are necessary. It may 
be suggested, however, that perhaps the natural increase in 
numbers occurs in certain groups, the products of the activi-
ties of which are deleterious to the development of the 
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Plate 1. Quantitative Determinations. 
groups especially favored by the lime treatment. On the 
other hand the large number of bacteria produced by the 
lime treatment may have a limiting action on the groups of 
bacteria in which the natural increase is occurring. The 
latter of these two theories seems the more plausible in view 
of the fact that as soon as a natural decrease occurred the 
groups favored by the lime treatment immediately became 
prominent, which fact would hardly be expected, had the 
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groups been under unfavorable conditions for a more or 
less extensive period. 
One thing further may be noticed from these results. It 
will be seen that the number of bacteria present in anyone 
soil increased from the first to the second sampling, de-
creased to the third, and decreased still further to the 
fourth. This fluctuation in numbers of bacteria kept under 
greenhouse conditions has been noted by other investiga-
tors 1 and an explanation has been attempted by Russell and 
Hutchinson at Rothamsted. They claim to have found pro-
tozoans in the soil which live on bacteria and that as these 
protozoans increase and multiply they consume increasing 
numbers of soil bacteria. As the bacterial flora of the 
soil decreases, however, food becomes scarce and the proto-
zoans perish and then the bacteria become abundant again. 
In the light of the results of many greenhouse experiments 
this theory is certainly worthy of further examination. 
CONCLUSIONS OF QUANTITATIVE DETERMINATIONS 
The conclusions to be reached from the results of the 
quantitative determinations are: 
1. Applications of ground limestone increase the number 
of bacteria in the soil, as shown by the development on 
"modified synthetic" agar. 
2. This increase in bacteria continues almost proportional • 
to the size of the application up to three tons per acre. 
3. A natural increase in the numbers of bacteria has a 
tendency to obscure the effects of applications of lime, while 
a natural decrease makes them more pronounced. 
4. The actual number of organisms present in the same 
soil, at different dates, when kept under greenhouse con-
ditions is exceedingly variable. 
1 L ipman and Owen, N. J. St a. llpt. 1000, p . 211. 
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VI. THE AMMONIFICATION EXPERI-
MENTS 
The ammonification experiments were carried out both 
in peptone solutions and in beakers, mainly for the purpose 
of comparison. The results obtained in peptone solutions 
at the four samplings are given in detail in Table III. The 
summarized results may be found in Table IV, and there 
also the averages for the duplicate soils appear. 
TABLE III. AMMONIFICATION IN PEPTONE SOLUTIONS 
(Thr ee days at 20°C.) 
I- Z OJ • ~ .Z OJ • .... z o · I" z OJ • "" ~z H ~Z "" ~Z . ;";> 00 ~~ ..::i. ci H m ... . ..::i. .o H 00 .... ..::i • .!:'i ~ u5 ... . ~o OJ'" OJ '" "'''' ~c ~ ~ ~ "'''' cdO cd .. ~ .. cdO <1l .. ~ .. 
,sZ <1l H" >bJJ ~ .. rnZ ...:<Z ..., EI <tjEl ...:<z f=; EI <EI f=; E! -18 ...:<Z .... 8 -< 8 
1 1 65.03 101 75.68 201 47.30 301 88.09 
2 68.30 66.66 102 75.35 75.51 202 47 .98 47 .64 302 01.90 89.99 
2 3 02.74 103 72.64 203 47.98 303 90.89 
4 65.30 64.05 104 72.31 72.47 204 48.65 48.31 304 90.89 90.89 
5 5 66.34 • 105 75 .68 205 50.00 305 94.61 
93.97 1 6 68.30 67.3~ 106 76.70 76.24 206 48.05 49.32 306 93.33 
6 7 66.34 107 77.04 207 48.31 307 90.71 
8 68.95 67.64 108 77.71 77.37 208 48.65 48.48 308 93.00 01.85 1 9 9 81.37 109 82 .10 209 50.68 309 93.00 
10 81.04 81.20 110 79.40 80.75 210 48.99 49.83 310 93.66 93.33 , 
10 11 81.70 111 79.06 211 50.34 311 94.64 
12 80.06 80.88 112 78.39 78 .72 212 50 .68 50.51 312 94.94 94.64 
13 13 82.68 113 78.73 213 51.36 313 06.28 
14 82.02 82.35 114 79.40 79.06 214 53.38 52.37 314 95.63 95.95 
14 15 84.31 115 80 .42 215 53.38 315 96.28 
16 82.35 83.33 116 81.09 80. 75 216 54.06 53.72 316 96.28 96.28 
17 17 86.60 117 81.09 217 53.38 31 7 97.92 
1.8 87.25 86.92 118 82.44 81 .76 218 54.06 53.72 318 96.94 9 7.43 
18 19 87.58 119 82.78 219 55.75 319 98.25 
20 88.23 87.90 220 83.46 83 .1 2 220 54.74 55.24 320 99.56 98.90 
It will be noticed that at the first sampling the untreated 
soils produced 65.35 mgs. N. One-half ton of lime gave a 
slight increase to 67.48 mgs. N., one ton a large increase to 
81.04 mgs. N., two tons a slight additional amount, 82.84 
mgs. N., and three tons a still larger amount, 87.41 mgs. N. 
At the other samplings the differences were much smaller. 
At the second, one-half ton of lime increased the ammonia 
production f rom 73.99 to 76.80 mgs. N., one ton caused a 
still further increase to 79.73 mgs. N., two tons gave prac-
tically no gain, yielding 79.90 mgs. N., and three tons a very 
slight gain to 82.44 mgs. N. The total gain here for the 
three ton application was only 8.45 mgs. N., while at the 
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first sampling the gain was 22.06 mgs. N. At the third 
sampling the one-half ton application of lime gave an in-
crease from 47.97 mgs. for the check to 48.90 mgs. N.; one 
tan gave a slight gain to 50.17 mgs. N.; two tons a gain to 
1 
TABLE IV. THE AMMONIFICATION OF PEPTONE IN 
SOLUTION 
Soil I. i\fgs. N. Aver. Mgs. N. Aver. l\fgs. N. • ~ I' e r. ~lgs. N. .I.ver . 
:\'0. I. mgs. N. II . mgs. N. III. mgs. N. IV. mgs. N. 
I" 
1 66.66 75.51 '17.64 89.9D 
1 
2 64.05 65.3iJ 72.47 73.99 48.31 47.97 90.8D !J0.44 
5 67.32 76.24 49.32 93 .D7 
G 67.64 67.48 77.37 76.80 48.48 48.90 91.8:> 92.91 
9 81.20 80.75 49.83 D3.33 
10 80.88 81.04 78.72 79.73 50.51 50.17 94.64 
1 
D3.98 
13 82.35 79.06 52.37 95.95 
14 83.33 82.84 80.75 79.90 53.72 53.04 96.28 D6.11 
17 86.92 81.76 
\ 
53.72 97.43 
18 87.DO 87.41 83.12 82.44 55.24 54.48 98.90 98.16 
53.04 mgs. N.; and three tons a further gain to 54.48 mgs. 
N. The gain here for the three ton application was only 
6.51 mgs. N. 
At the fourth sampling the one-half ton of lime caused 
a gain from 90.44 mgs. N. to 92.91 mgs.; one ton gave 
93.98 mgs. N.; two tons 96.11 mgs. N., and three tons 98.16 
mgs. N. The difference here between the check and the 
largest application was only 7.72 mgs. N. 
GENERAL RESULTS OF AMMONIFICATION TESTS 
Considering these results as a whole we find that at the 
first sampling the applications of lime gave gradually in-
creasing amounts of ammonia. At the subsequent dates 
the same relations hold good, but to a much smaller degree, 
the differences between the various applications being very 
slight. 
A comparison is made later of these results with those 
obtained by the beaker method, and a reason is suggested 
for the decreasing ammonia production from peptone solu-
tions at successive samplings. 
The results, however, are quite definite in showing the 
beneficial effects of lime on the bacteria which are capable 
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of ammonifying peptone; increasing amounts of lime up to 
three tons per acre, giving increasing ammonia production. 
AMMONIFICATION RESULTS BY BEAKER METHOD 
The ammonification results obtained by the beaker method 
are given in detail in Tables V, VI, VII, and VIII. The 
summarized results for the dried blood may be found in 
Table IX and those for cottonseed meal in Table X. 
In the determinations made with the first and third lot 
of samples, the ammonia was distilled from one-half the 
tumblers in six days and from the duplicate portions in 
seven days, and the conclusions are based on the average of 
the two results. 
TABLE V. AMMONIFICATION IN BEAKERS (I) 
Increase 
Soil Lab. Treatroent .Tan. 30 Jan. 31 Average over No. No. 6 days 7 days rogs. N. unt reated 
rogs. N. rogs. N. portions 
rugs. N. 
----~--
1 1 5 gros. D. B. 141.57 
2 5 gros. D. B. 157.79 149.68 147.66 
;; 5 gros. C. S. 1If. 110.33 
4 5 gros. C. S. M. 116.91 113.62 111.60 
2 5 5 gros. D. B. 139.53 
6 5 gros. D. B. 158.47 149.00 146.98 
7 5 gros. C. S. M. 110.33 
8 5 gms. C. S. M. 119.27 IH.80 112.78 
5 D 5 gros. D. B. 142.25 
10 5 gros. D. B. 163.88 153.06 151.04 
11 5 g ros. C. S. 1Ii. 10D.31 
12 5 gros. C. S. M. 119.27 114.29 112.27 
G 1;; 5 gros. D. B. 142.25 
14 5 gros. D. B. 163.54 152.89 150.87 
15 5 gms. C. S. M. 111.35 
J6 5 gros. C. S. M. 119.27 115.31 113.29 
D 17 5 gros. D. B. 143.60 
18 5 gros. D. B. 168.95 156.27 154.25 
1!J 5 gros. C. S. M. 112.03 
20 5 gros. C. S. M. 121.64 116.83 114.81 
10 21 5 gms. D. B. 143.60 
22 5 gros. D. B. 170.30 156.95 154.93 
23 5 gros. C. S. :.\1. 109.65 
24 5 gros. C. S. M. 120.29 114.97 112.D5 
13 2;:; 5 gros. D. B. 149.68 
26 5 gros. D. B. 172.32 161.00 158.98 
27 5 gms. C. S. M. 115.22 
28 5 gms. C. S. M. 122.99 119.10 117.08 
14 29 5 gros. D. B. 150.02 
:10 5 gms. D. B. 176.04 163.03 161.01 
31 5 gros. C. S. M. 113.87 
32 5 gros. C. S. M. 121.64 117.75 115.73 
17 33 5 gros. D. B. 149.68 
34 5 gros. D. B. 183.47 166.57 164.55 
35 5 gms. C. S. M. 114.88 
36 5 g ro s. C. S. M. 126.03 120.45 118.43 
18 37 5 gms. D. B. 11i 1. 71 
38 5 gros. D. B. 181.11 166.41 164.39 
39 5 gIllS. C. S. M. 116.57 
40 5 gms. C. S. M. 125.12 120.84 118.82 
I A I Nothing 1.68 I B Nothing 2.36 2.02 
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TABLE VI. AMMONIFICATION IN BEAKERS (II) 
Increase 
Soil Lab. Feb. 14 Average over 
No. No. Treatment 7 days mgs. N. untreated mgs. N. portions 
mgs . N. 
I 
1 101 5 gms. D. B. 152.39 
102 5 gms. D. B. 154.08 153.23 151.21 
103 5 gms. c. s. lIf. 102.04 
104 5 gms. c. S. lIf. 103.39 102.71 100.69 
2 105 5 gms. D. B. 155.77 
106 5 gms. D. B. 155.43 155.60 153.58 
107 5 gms. c. S. lIf. 102.38 
108 5 gms. c. S. 111. 104.74 103.56 101.54 
5 109 5 glllS. D. B. 155.43 
110 5 gros. D. B. 156.10 155.76 153.74 
111 5 gms. c. S. lIf. 108.12 
112 5 gms. c. S. lIf . 105.42 106.77 104.75 
G 113 5 gms. D. B. 158.47 
114 5 glllS. D. B. 158.81 158.64 156.62 
115 5 gms. c. S. l\f. 108.80 
116 5 gros. c. S. M. 107.77 108.28 106.26 
9 117 5 gms. D. B. 160.84 
118 5 gms. D. B. 158.81 159.82 157.80 
119 5 gms. c. S. lIf. 107.70 
120 5 gms. c. S. M. 108.80 108.29 106.27 
10 121 5 gms. D. B. 162.19 
122 5 gros. D. B. 163.54 162.86 160.84 
123 5 gms. c. S. lIf. 110.49 
124 5 gms. c. S. lIf. 108.12 109.30 107.28 
13 125 5 gms. D. B. 166.24 
126 5 gms. D. B. 167.26 166.75 164.73 
127 5 gms. c. S. lIf. 109.81 
128 5 gms. c. S. lIf. 111.50 110.65 108.63 
14 129 5 gms. D. B. 170.30 
130 5 gms. D. B. 168.27 169.28 167.26 
131 5 gms. c. S. lIf. 112.85 
132 5 gms. c. S. M. 111.50 112.17 110.15 
17 133 5 gms. D. B. 170.30 
134 5 gms. D. B. 172.32 171.31 109.29 
135 5 gms. c. S. l\f. 115.22 
136 5 gms. c. S. M. 114.88 115.05 113.03 
18 137 5 gms. D. B. 171.99 
138 5 gms. D. B. 173.44 172.71 170.69 
139 5 gms. c. s. lIf. 114.54 
140 5 gms. c. S. lIf. 115.89 115.21 113.19 
A Nothing 2.36 
B Nothing 1.68 2.02 
With the second and fourth lot, however, all the deter-
minations were made in seven days and a fact which is 
worthy of note here is the very satisfactory agreement of 
duplicates. In all cases the ammonia production from the 
untreated soils is subtracted from the total amount and the 
figures given in the last column of each table represent 
the average amounts of ammonia produced from the nitrog-
enous materials in the duplicate determinations. 
RESULTS OBTAINED WITH DRIED BLOOD 
Turning now to Table IX for the results obtained with 
dried blood we note first of all the surprisingly good agree-
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TABLE VII. AMMONIFICATION IN BEAKERS (III) 
I 
Increase 
Soil Lab. Feb. 27 Feb. 28 Average over 
No. No. Treatment 6 days 7 days mgs. N. lmtreatcd 
mgs. N. mgs. N. port ions 
1\{gs. N. 
I I 
) \ 
1 201 5 gms. D. B. 129.07 
202 [) gms. D. B. 145.29 137.18 135.33 
203 5 gms. C. S. M. 02.02 
204 5 gms. C. S. M. 99.00 95.DG 94.11 
2 205 5 gms. D. B. J 27.72 
206 5 gms. D. B. 146.98 137.35 135.50 
207 5 gms. C. S. 1Ii. 04 .94 
208 5 gms. C. S. M. 98.66 96.80 94.95 
5 209 5 gms. D. B. 132.45 
210 5 gms. D. B. 148.00 140.22 138.37 
211 5 gms. C. S. M. 97.65 
212 5 gms. C. S. M. 104.41 101.03 99.18 
6 213 5 gms. D. B. 129.07 
214 5 gms. D. B. 148.67 139.37 137.52 
215 5 gms. C. S. M. 97.9!J 
216 5 gms. C. S. M. 103.05 100.52 98.67 
9 217 5 gms. D. B. 134.48 
218 5 gms. D. B. 150.36 142.42 140.57 
219 5 gms. C. S. M. 103.05 
220 5 gms. C. S. 1Ii. 105.08 104.06 102.21 
10 221 5 gms. D. B. 13G.17 
222 5 gms. D. B. 148.67 142.42 140.57 
223 5 gms. C. S. lIf. 104.74 
224 5 gms. C. S. M. 108.12 106.43 104.58 
13 225 5 gms. D. B. 139.55 
226 5 gms. D. B. 152.05 145.80 143.95 
227 5 gms. C. S. M . 106.43 
228 5 gms. C. S. M. I 108.46 107.44 105.59 
14 22!J 5 gms. D. B. 137.86 
230 5 gms. D. B. 155.09 146.47 144.62 
231 5 gms. C. S. M. 104.74 
232 5 glns. C. S. M. 111.50 108.12 106.27 
17 233 5 gms. D. B. J 41.24 
234 5 gms. D. B. 155.43 148.33 146.48 
235 5 gms. C. S. 1Ii. 108.46 
236 5 gms. C. S. M. 114.21 111.33 109.48 
18 237 5 gms. D. B. 143.60 
238 5 gms. D. B. 158.81 151.20 149.35 
239 5 gms. C. S. M. 107.65 
240 5 gms. C. S. M. 114.88 111.26 10!J.41 
I II I Nothing 1.68 B Nothing 2.02 1.85 
ment in the determinations from the duplicate soils. Con-
sidering the results obtained at the first sampling in 
detail, we find that Soil 1 gave 147.66 mgs. N., and Soil 2, 
146.98 mgs. N., making an average of 147.32 mgs. N. for 
the untreated soils. Soil 5 yielded 151.04 mgs. N., and Soil 
6, 150.87 mgs. N., giving an average of 150.95 mgs. N., 
a gain of 3.63 mgs. for the one-half ton application. Soil 
9 gave 154.25 mgs. N., and Soil 10, 154.93 mgs. N., making 
an average of 154.59 mgs. N., a gain of 7.27 mgs. N. for 
the one ton application of lime. Soil 13 produced 158.98 
mgs. N.; and Soil 14, 161.01 mgs. N.; giving an average 
yield of 159.99 mgs. N., or a gain of 12.67 mgs. for two tons 
I 
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TABLE VIII. AMMONIFICATION IN BEAKERS (IV) 
Increase 
Soil Lab. March 22 Average untreatcd 
No. No. Treatroent 7 days rogs. N. JoAC) 
rogs. N. portions-
rogs. N. 
1 301 5 gros. D. B. 135.91 
I 
302 5 gros. D. B. 135.91 135.D1 133.85 
303 5 gros. C. S. M. 86.46 
304 5 gros. C. S. 111. 84.4D 85.47 83.41 
2 305 5 gros. D. B. 138.20 
306 5 gros. D. B. 134.93 136.57 134.51 
307 5 gros. C. S. M. 88.75 
308 5 gros. C. S. M. 86.78 87.76 85.70 
5 309 5 gros. D. B. 140.17 
310 5 gros. D. B. 142.13 141.15 130.09 
311 5 gros. C. S. M. 89.73 
312 5 gros. C. S. M. 92.68 91.20 89.14 
6 313 5 gros. D. B. 139.51 
314 5 gros. D. B. 141.80 140.65 138.59 
315 5 gillS. C. S. M. 91.70 
316 5 gros. C. S. M. 93.01 92.35 DO.29 
9 317 5 gros. D. B. 144.10 
318 5 gros. D. B. 145.41 144.75 142.69 
319 5 gros. C. S. lIf. 97.92 
;;20 5 gms. C. S. M. 99.56 98.74 06 .68 
10 321 5 gros. D. B. 143.44 
322 5 gros. D. B. 144.10 143.77 141.71 
323 5 gros. C. S. 111. !)5.95 
324 5 gros. C. S. M. 99.23 97.59 05.53 
13 325 5 gros. D. B. 148.03 
326 5 gros. D. B. 148.35 148.19 146.13 
327 5 gros. C. S. M. 102.50 
328 5 gros. C. S. M. 103.81 103.15 101.09 
14 329 5 gros. D. B. 148.68 
330 5 gros. D. B. 150.97 14D.82 147.76 
331 () gros. C. S. 111. 102.83 
332 5 gros. C. S. M. 106.11 104.47 102.41 
17 333 5 grus. D. B. 11>4.25 
:>34 5 gms. D. B. 157.52 155.88 153.82 
:l35 5 gms. C. S. 111. 109.38 
I 
336 5 gms. C. S. M. 112.33 110.85 108.79 
18 337 5 gms. D. B. Hi5 .8!) 
338 5 gms. D. B. 157.20 156.54 134.48 
339 5 gms. C. S. M. 107.74 
340 5 gms. C. S. M. 112.66 110.20 
I 
108.14· 
A I Nothing 2.29 B Nothing 1.83 2.06 
TABLE IX. AMMONIFICATION OF DRIED BLOOD 
I 
Soil I Mgs. N· I·"vcrage I 11gs. N·I·"verage / lIfgs. N./ Average I Mgs. N· I Average I No. r. rogs. N. II. mgs. N. III. mgs. N. IV. mgs. N. 
1 147.66 151.21 135.33 133.85 
2 146.98 147.32 153.58 152.39 135.50 135.41 134.51 134.18 
5 151.04 153.74 138.37 139.09 
6 150.87 150.95 156.62 155.18 137.52 137.99 138.59 138.84 
9 154.25 157.85 140.57 142.69 
10 154.93 154.59 160.84 159.32 140.57 140.57 141.71 142.20 
13 158.98 164.73 143.95 146.13 
14 161.01 159.99 167.26 165.99 144.62 144.28 147.76 146.94 
17 164.55 169.29 146.48 153.82 
18 164.39 164.47 170.69 169.99 149.35 147.91 154.48 154.15 
• 
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of lime. Soil 17 gave 164.55 mgs. N., and Soil 18, 164.39 
mgs. N., giving an average of 164.47 mgs. N. for the three 
tons of lime, and making a gain of 17.15 mgs. N. over the 
untreated soil. The increased ammonia production here 
seems to run parallel with the increased applications of 
lime. 
At the second sampling the figures obtained bear out 
those already discussed. The untreated soil yielded 151.21 
and 153.88 mgs. N., respectively, or an average of 152.39 
mgs. N. Those receiving one-half ton of lime gave 153.74 
and 156.62 mgs. N., an average of 155.18 mgs. N. This 
shows a slight gain over the untreated soils (2.81 mgs. N.). 
The soil receiving one ton of lime gave 157.85 and 160.84 
mgs. N., or an average of 159.32, showing a gain of 7.07 
mgs. N. over the check soils. Those receiving two tons of 
lime produced 164.73 and 167.26 mgs. N., or an average of 
165.99 mgs. N., so that here the lime caused a gain of 13.60 
mgs. N. Soils 17 and 18 gave 169.29 and 170.69 mgs. N., or 
an average of 169.99 mgs. N., showing a gain of 17.60 mgs. 
N. for the three ton application. We find that this gain is 
practically the same as that brought out with the first sam-
ples. 
The third lot of samples yielded smaller ammonia produc-
tion and slightly smaller differences, although the propor-
tionate gain is about the same for the largest application 
of lime. The untreated soils yielded 135.41 mgs. N., those 
receiving one-half ton of lime, 137.99 mgs. N., showing a 
slight gain; and those receiving one ton of lime 140.57 mgs. 
" N., giving a gain of 5.16 mgs. over the checks. The soils 
receiving two and three tons of lime produced 144.28 mgs. 
N. and 147.91 mgs. N., respectively, showing gains of 8.87 
mgs. and 12.50 mgs. N. " 
At the fourth sampling the untreated soils gave 134.18 
mg-s. N. and those receiving one-half ton of lime 138.84 mgs. 
N., or an increase of 4.74 mgs. N. 
Those receiving one ton of lime yielded 142.20 mgs. N., 
a gain of 8.02 mgs. and those receiving two tons 146.94 
mgs. N., showing a gain of 12.80 "mgs. 
Finally, those to which three tons of lime were applied 
gave 154.15 mgs. N., a gain of 19.97 mgs. N. 
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The results of the four samplings are remarkably uni-
form, showing gradually increasing ammonia production 
with increasing applications of lime, and at each successive 
sampling these g·ains become larger. There can be no doubt 
from these results but that the ammonifying power of a 
soil as shown by the transformation of dried blood is con-
siderably enhanced by applications of lime up to three tons 
per acre. 
RESULTS OBTAINED WITH COTTONSEED MEAL 
Turning next to Table X for the results with cottonseed 
meal, we find that here, too, the agreement of duplicates is 
very fair. The differences obtained at the first sampling 
TABLE X. THE AMMONIFICATION OF COTTONSEED MEAL 
! 
s,?11 !)'fgs. N. ! .\Verage ! lI1gs. N. !.\VCrac.e! Mgs. N. !.\Veral:e 11Igs. N. !.\vcrage ! ~o. 1. mgs. N. II. mgs. N. III. rugs. N. IV. mgs. N. 
I 100.60 94.11 83.41 I 1 111.60 
2 112.78 112.17 101.54 100.61 94.95 94.53 85.70 84.55 
5 112.27 104.75 99.18 89.14 
6 ] Vl.20 112.78 106.26 105.50 98.67 98.92 90.29 89.71 
0 114.81 106.27 102.21 96.68 
10 112.95 113.88 107.28 106.77 104.58 103.39 95.53 96.11 
13 117.08 / 108.63 105.59 101.09 14 115.73 116.40 110.15 109.39 106.27 105.93 102.41 101.75 
17 118.4:1 113.03 109.48 108.79 
18 118.82 118.62 113.19 113.11 109.41 109.44 108.14 108.46 
are very small, the untreated soils glVmg 112.17 mgs. N., 
those receiving one-half ton of lime 112.78 mgs. N.; those 
one ton, 113.88 mgs. N.; those two tons, 116.40 mgs. N.; 
and those three tons, 118.62 mgs. N. The gain for the three 
ton application was only 6.45 mgs. N. At the second sam-
pling, however, the effects of the lime became more appar-
ent. The check soils gave 100.61 mgs. N., and those receiv-
ing one-half ton of lime 105.50 mgs. N.; or a gain of 4.91 
mgs. N. The one ton application increased the ammoni.a 
production very slightly to 106.77 mgs. N., and the two ton 
application gave 109.39 mgs. N., or a gain of 8.78 mgs. 
The largest application gave 113.11 mgs. N., a gain of 12.50 
mgs. over the check soils. 
At the third sampling the differences were still greater. 
The check soils yielded 94.53 mgs. N., and those receiving 
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one-half ton of lime 98.92 mgs. N.; a gain of 4.38 mgs. N. 
The one ton application gave an increase to 103.39 mgs. N., 
a gain of 8.86 mgs. N.; the two tons yielded 105.93 mgs. N.; 
a gain of 11.40 mgs. N. ; and the three tons gave 109.44 mgs. 
N., a gain of 14.91 mgs. N. 
At the last date still larger gains were noted. The check 
soils gave 84.55 mgs. N., and the one-half ton of lime in-
creased that to 89.71 mgs. N. Then the one ton caused a 
gain of 11.56 mgs. N., yielding 96.11 mgs. N. The two tons 
of lime increased the ammonia to 101.75 mgs. N., and the 
three tons to 108.46 mgs. N., showing gains of 17.20 mgs. 
N., and 23.91 mgs. N., respectively, over the check soils. 
Thus we find that using cottonseed meal as the source of 
nitrogen in 'the medium applications of lime increased the 
ammonifying powers of the soils in amounts gradually in-
creasing with the size of the application. 
Furthermore, the differences became greater at successive 
samplings, this fact being in agreement with that brought 
out by the experiment with dried blood. 
Considering now the results of the ammonification ex-
periments as a whole, we find that, whatever method is 
employed to test the ammonifying power, applications of 
lime lead to the production of gradually increasing amounts 
of ammonia. 
There are a few other facts which are brought out here, 
however, which deserve special notice. 
PEPTONE SOLUTION RESULTS COMPARED 
In the first place, the results obtained with the peptone 
solutions showed that the differences in ammonifying power 
were more pronounced immediately following the applica-
tions of lime and that as time passed they became gradually 
smaller, the lime seeming soon to lose its effect. 
Directly opposite results were given by the experiments 
with dried blood and cottonseed meal, the differences in 
ammonifying power becoming more pronounced at each 
sampling. This is especially noticeable in the results with 
cottonseed meal. 
The explanation of this may be found undoubtedly in the 
chemical composition of the nitrogenous materials. Pep-
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tone is a mixture of soluble substances produced from pro-
teins, while dried blood is itself a protein, and cottonseed 
meal is a protein containing also some carbohydrate. Evi-
dently applications of lime cause an immediate increase in 
the organisms present in the soil which will produce 
ammonia from peptone, but this increase is shortly followed 
by a decrease which might ultimately become so large that 
the ammonifying powers of the soils receiving lime would 
sink below that of the untreated soils. This experiment 
was not carried far enough to test this point, and it is pos-
sible that further results would not have borne out this 
assumption, but would have shown instead a recurrence of 
greater differences. 
At any rate the conclusion seems warranted that the pep-
tone solution method does not permit of the measuring of 
the activities of the largest number of ammonifying bac-
teria in soil or it may even exclude certain groups of organ-
isms which attack proteins, giving prominence to other 
groups which can not attack proteins at all or only to a 
very slight degree, but which readily act on peptones, trans-
forming them to ammonia. 
DRIED BLOOD AND COTTONSEED RESULTS COMPARED 
Comparing now the results obtained with the dried blood 
and the cottonseed meal, we find that at first the dried blood 
shows much larger differences in ammonifying power of 
the soils than the cottonseed meal, and that while these dif-
ferences become greater at successive samplings, the in-
crease where cottonseed meal is employed is considerably 
greater. 
The explanation of this difference in the ammonification 
of dried blood and cottonseed meal is also to be sought in 
their chemical composition and may be attributed to the 
difference in the carbon-nitrogen rati9, which is much wider 
in the dried blood than in the cottonseed meal. It is known 
that the presence of large amounts of carbohydrates will 
depress ammonification and hence the possibility presents 
itself that the carbohydrates present in cottonseed meal may 
prevent the optimum development and activity of certain 
ammonifying bacteria. Consequently the ammonia produc-
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tion from the cottonseed meal may not increase with the 
numbers, at first. At subsequent dates, however, after the 
lime has increased not only the numbers but possibly also 
the vigor of the bacteria, the depressing action of the carbo-
hydrate may be overcome and the ammonia production run 
parallel with the numbers. 
CHANGES ILLUSTRATED BY CURVES 
Turning now to the curves which have been plotted to 
show the changes in ammonifying power occasioned by the 
applications of lime, some interesting facts become ap-
parent. 
Plate II brings out very clearly the fact previously men-
tioned that the differences in ammonifying power of the 
soils as shown by the peptone solution method, subsequent 
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Plate II. Ammonification in Peptone Solutions. 
80 
to the first sampling, are very slight. Furthermore, there is 
evidently little or no relation between the total numbers of 
bacteria and those which ammonify peptone for enormous 
increases in numbers of organisms are coincident with 
extremely small increases in ammonia production in the 
peptone solutions. 
Turning next to Plates III and IV for the curves showing 
the ammonification of dried blood and cottonseed meal, we 
!: 
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Plate III. Ammonification of Dried Blood. 
find that while some variations 'occur the agreement is 
exceptionally good. At the first and second samplings the 
ammonification of the dried blood was influenced to a 
greater degree by the applications of lime than was that of 
the cottonseed meal, but at the last two samplings the curves 
for ammonia production from dried blood and cottonseed 
meal are practically coincident. 
There also seems to be quite a definite relation between 
the total numbers of organisms appearing on the "modified 
synthetic" agar plates and the ammonification of dried 
blood or cottonseed meal. Large increases in total numbers 
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'Jf organisms occur simultaneously with large gains in am-
monia production. 
Furthermore, there is an increase in numbers of bacteria 
from the first to the second samplings, then a decrease at 
the third, and a further decrease at the fourth sampling. 
There is an increase in ammonia production from dried 
blood from the first to the second samplings, and then a 
decrease to the third and a slight decrease to the "fourth 
'10 
IToN 
Plate IV. Ammonifica tion of Cottonseed Meal. 
sampling. The ammonia production from the cottonseed 
meal decreases steadily from the first to the fourth sampling, 
corresponding thus with the decrease in numbers at the 
third and fourth samplings, but differing at the first and 
second dates. In general, then, from a study of these re-
sults we may conclude that the ammonia production from 
dried blood is very closely related to the .numbers of bacteria 
which develop on "modified synthetic" agar and that the 
ammon'ia production from cottonseed meal is generally 
analogous, but may occasionally prove otherwise. 
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GENERAL CONCLUSIONS OF AMMONIFICATION EXPERI-
MENTS 
The conclusions to be drawn from these ammonification 
experiments are: 
1. Applications of lime increase the ammonifying power 
of the soil whether tested in peptone solutions or in beakers 
with dried blood or cottonseed meal. 
2. When dried blood or cottonseed meal is employed, the 
increase due to lime is almost proportional to the size of the 
application. 
3. Peptone solutions do not permit of the development of 
the largest number of soil bacteria which can produce am-
monia. 
4. There is little or no relation between the ammonia pro-
duction in peptone solutions and the numbers of bacteria 
in the soils. 
5. The ammonia production from dried blood is quite 
closely related to the total numbers of organisms which 
appear on "modified synthetic" agar. 
6. The ammonia production from cottonseed meal pro-
ceeds in the same direction with numbers of bacteria, but 
is not always so closely related as is that from dried blood. 
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VII. THE NI1'RIFICATION EXPERIMENTS 
The nitrification experiments were carried out by the 
beaker method only, previous experiments having shown 
the inadequacy of the solution method, dve in large meas-
ure to the losses of ammonia occurring during the neces-
sarily long continuance of the experiment. 
Tables XI, XII, XIII and XIV show in detail the results 
obtained at the four samplings, giving also the various 
treatments. The figures in the last column of each table 
are obtained by subtracting the nitrates formed in the blank 
TABLE XI. NITRIFICATION IN BEAKERS (I) 
.January 24-March 6. 
Increase 
Soil Lab. Nitrate N. .I.verage over 
No. No. 'l'reatment Mgs. Mgs. N. untreated portions 
:\Igs. N. 
1 1 l~O ~rs. (N,P,hS.9' 17.85 2 17.95 17.00 12.0c! 
3 2~O D:rS. R. ~. 24.04 
4 24.00 24.02 18.16 
2 5 l~p m,/fs. (Nf!,) 2S9.' 17.85 
6 17.92 17.88 12.02 
7 2~0 lI)?s. :p. ~. 23.53 
8 23.78 23.65 17.79 
5 9 1qp mils. (NlJ')2S9.' 20 .06 
10 20.26 20.16 14.30 
11 ~~O ~Fs. R· ~. 25.76 12 25.92 25.84 10.08 
6 13 1Qp mils. (NlJ·)2S9.. 20.14 
14 20.07 20.10 14.2c! 
15 2~O rr:~s. R· ~ . 26.00 16 25.91 25.95 20.00 
9 17 lqp mns, (NlJ,12S9.' 21.53 
18 21.29 21.41 15 .55 
19 2~O rr:rs, D. B. 27.34 
20 27.36 27.35 21.40 
10 21 1Qp m1ls.- (N!;,hS9.' 21.27 
22 21.28 21.27 15.41 
23 2~O Ir!~s. R· ~. 28.00 24 27.91 27.05 22.09 
13 25 19,0 mlfs. (Nf!·12S9.' 22.76 26 22.67 22.71 16.85 
27 2~0 lI)?s. :p. ~. 29.28 
I 28 28.94 20.11 23.23 14 29 1,90 lI!,gs. (~ !'l') 2S,9. 2:1.33 
30 22.91 23.12 17.26 
31 2~0 lI)?s. :p. ~ . 29.92 
32 29.78 29.85 23.90 
17 33 19.0 mifs. (N~;I,12S<2' 24.32 
34 24.50 24.41 18.55 
I 35 2~0 lI)?s. :p. ~. 31.41 
I 36 31.56 31.48 25.62 18 37 l~p m,/fs, (N!;.) 2S9.' 25.00 
I 
38 24.94 24.97 19.11 
39 2~0 lI)p. :p. ~. :~2.14 
40 32.14 32.14 26.28 
A Nothing 5.83 
B Nothing 5.90 5.86 
-~---~ .--.--~. -- - - -
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TABLE XII. NITRIFICATION IN BEAKERS IIII 
February 7-March 28. 
- ---
I 
Increase 
Soil Lab. Nitrate N. A.verage over 
No. :-<0. Treatment Mgs. Mgs. N. untreated portions 
)lgs. N. 
1 101 1~0 ll!!'s. (N,\i') 2Sg. 15.00 
102 14.91 14.95 9.00 
103 2~0 ll!ps. D. B. 23.89 
104 " 23.91 23.90 17.95 
2 105 19.0 m,!fs . (N~I.hS9.. 14.86 
106 14.87 14.86 8.91 
107 200 ~ps. D. B. 23.90 
lOS 23.89 23.89 17.94 
5 109 lq9 mNs, (N~')2S9.. 18.42 
110 18.46 18.44 12.49 
111 2~O II!ps, H. ~. 2S.07 
112 28.27 2S.17 22.22 
6 113 1~? illfls, (Nljf.hS9 .. 18.34 
114 18.42 lS.38 12.43 
115 2~0 ll!ps. p. ~. 27.94 
116 28.04 27.99 22.04 
9 117 19P ID,?,S. (N~'[')2S2' 21.82 
118 21.74 21.78 15.83 
1ll) 2~0 ll)ps. p. ~. 30.81 
J20 30.84 30.82 24.S7 
10 J2L 19.0 mils. (N~!.).S9.. 21.75 
i 
122 21.80 21.77 15.82 
12:3 2~0 l~pS . p. ~. 30.89 
J 24 30.81 30.85 24.90 
1 3 . 125 1~? IDffs . (N!!,).S9,4 23.90 
1211 24.00 23.95 18.00 
127 2~0 l~pS. D. B. M.20 
128 u u 34.04 34.12 28.17 
14 129 19,0 Dl,1s . (N!!.lzS9.' 23.93 
J30 24.13 24.03 18.08 
131 2~O n~~s. R. ~. 34.02 
1!'l2 M.04 34.03 28.08 
17 133 l~O ~?s. (N,~-r4) osg. 
I 
26.66 
134 26.76 26.71 29.76 
135 2~O Il!Fs, R· ~. 3(1.67 
136 !'l6.67 36.67 30.72 
18 137 lq,O rolfs. (N;!.)2S9.' 20.84 
138 26.82 26.83 I 20.88 J 39 2RO n;fSs, D. B. 
I 
!'l6.81 
140 " " 36.78 36.79 I 30.84 }\ Nothing 6.00 B Nothing 5.90 5.95 
-
soil from those present in the soils receIvmg the additions 
of dried blood and ammonium sulfate, thus showing the 
relative powers of the soil to nitrify these two materials. 
The agreement of the duplicate tests in this experiment is 
exceedingly good and speaks w·ell for the accuracy of the 
method. 
Turning now to the summarized results: Table XV 
shows the relative nitrification of ammonium sulfate and 
Table XVI, the relative nitrification of dried blood. Look-
ing over the results we find here exceedingly good agree-
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TABLE XIII. NITRIFICATION IN BEAKERS (III) 
February 21·April 11. 
Increase 
Soil Lab. Nitrate N. Average over 
No. No. Treatment Mgs. Mgs. N. untreated Dortions 
Mgs. N. 
1 201 l~O ~¥s. (N,~.),SSl· 10.57 202 10.55 10.56 6.82 
203 2RO ~rs. R· ~ . 16.77 204 16.61 16.69 12.95 
2 205 1~0 ~Ils. (N,~')2SSl· 10.58 
206 10.67 10.62 6.88 
207 200 mgs. D. B . 16.85 
208 H " " .' 16.80 16.82 13.08 
5 200 l~O ~?s. (NJI.).SSl· 11.18 
210 11.18 11.18 7.44 
211 2~O ~ps. p. ~ . 18.04 
212 18.08 18.06 14.32 
6 213 19,0 nws. (Ni:.) 2S2· 11.13 
214 11.25 11.19 7.45 
215 2~0 ~Ils. p. ¥.. 18.10 
216 18.20 18.15 14.41 
9 217 l~O ~?s. (NH.),SO. 12.27 218 " " 12.43 12.35 8.61 
219 2~O IX!rs. ~. ~. 19.m 220 19.95 10.93 16.18 
10 221 IRQ ~ps. (NH.).SO. 12.20 
222 " " 12.41 12.30 8.56 223 2RO ~~s. p. ~. 10.89 224 19.79 19.84 16.10 
13 225 l~O ~fs. (N,~.),SSl· 15 .00 
226 15.20 15.10 11.36 
227 200 II!ps, p. ~. 24.00 
228 24.09 24.04 20.30 
14 229 1~0 ~Ils. (NH.).SO. 15.22 
230 " It 15.11 15 .16 11.42 
231 2RO ITfps. p. ~. 24.10 
232 24.15 24.12 20.38 
17 233 IRa ~ps . (N,¥I.) 2S.9. 19.09 
234 20.12 20.05 16.31 
235 2RO ~ps. R. ~. 28.33 
236 28.39 28.36 24.62 
18 237 ~90 ~gs. Cti[!l')2~P' 20.18 238 20,::;0 20.24 16 .50 
239 2~0 ~Ils. D. B . 28.24 240 " " 28.36 28.30 24.56 
A Noth ing 3. 73 
B Nothing 3.75 3.74 
ment between the duplicate soils in all cases, so the discus-
sion will deal only with the averages from the soils treated 
alike. 
RESULTS WITH AMMONIUM SULFATE 
Considering the results with the ammonium sulfate first, 
we find that at the first sampling the check soils produce 
12.03 mgs. N., one-half ton of lime increased that amount 
to 14.27 mgs. N., one ton to 15.48 mgs. N., two tons to 17.05 
mgs. N.; and three tons to 18.83 mgs. N.; showing thus a 
gradual increase with the applications of lime; the three 
Soil 
No. 
1 
2 
5 
6 
9 
10 
13 
14 
17 
18 
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TABLE XIV. NITRIFICATION IN BEAKERS (VI) 
March 16-April 28. 
Increase 
Lab. Nitrate N. Averal!c over 
N:o. Treatment Mgs. Mgs. N. untreated portions 
i\lgs. N. 
------
I 301 
I 
1~9 m~s. (N~,)oS<?. 11.71 
. 302 11.67 11.69 7.82 
303 2~0 ~~s. p.. ~. 17.00 
304 17.0a 17 .01 13.14 
305 1q9 m.~s. (N!'t')2S9.- 11.62 
306 11.52 11.57 7.80 
307 2~0 ~~s. D. B. 16.91 
308 " " 17.06 16.98 13.11 
309 1~0 ~?s. (N,~.l2S!? 13.05 
310 12.05 13.00 0.13 
311 2~0 ~~s. D. B. 18.63 
312 " " 18.55 18.50 14.72 
313 1q9 m,lfs. (N¥,l.) ,S9.- 13.05 
314 12.03 12.99 9.12 
315 2~0 ~ps. D. B. 18.57 
316 " " 18.60 18.58 14.71 
317 1q9 milS. (N¥,l') 2S9,' 15 .28 318 15.28 15.28 11.51 
319 2~0 ~ps . D. B . 20.00 
320 " " 20.10 20.05 16.18 
321 19P ~¥s. (N~')2S9· 15.34 322 15.23 15.28 11.51 
323 2~0 ~ps. D. B . 20.24 
324 " " 20.16 20 .20 16.33 
325 1~0 ~rs' (N,~l,) 2S!? 19.10 326 10.10 19.10 15.23 
327 2RO ~Fs. D. B. 24.47 328 " " 24.29 24.38 20.51 
329 1~0 ~?s. (N~')2S9_ ]0.18 
330 ]9.27 19.22 15.35 
331 2g0 n~,gs . D. B. 24.29 
332 " " 24.3!) 24.34 20.47 
333 100 ~~s . (N,~-I, ),S~, 21.!l0 334 " 
I 
21 .87 21.88 18.01 
33r; 200 ~ps. D. B. 26.01 
336 " " " 26.82 26.86 22.09 
337 19.0 m,ifs. (N~')2S9.. 21.87 338 21.81 21.84 17.97 
339 2~O ~ps. D. B. 27.00 
340 H " 26.81 26.00 23.03 
A Nothing 3.83 
B Nothing 3.92 3 .87 
TABLE X'V. THE NITRIFICATION OF AMMONIUM 
SULFATE 
I
:;:Oil I}Jgs. N· IAVerage IMgS. N· I·\.verag_e I MgS. N· I_\.verage IMg •. N' IA,erage No. 1. )lgs. N. II. )Jgs. N. III. )Igs. ~. IV. )Igs. N. 
1 ] 2.04 !l.00 6.82 7.82 
2 12 .02 12.03 8.!l1 . 8.95 6.88 6.85 7.80 7.81 
" 
14.30 ]2.49 7.44 9.13 
6 14.24 14.27 12.43 12.46 7.45 7.44 9.12 9.12 
0 21.49 24.87 16.18 16.18 
10 15.41 15.48 15.82 15.82 8.56 8.58 11.51 11.51 
13 16.85 18.00 11.36 15.23 
14 17.26 17.05 18.08 18.04 11.42 11.39 15.35 15.29 
17 18.55 20.76 16.31 18.01 
18 19.11 18.83 20.88 20.82 16.50 16.40 17.97 17.99 
I 
I 
I 
I 
I 
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ton application causing a gain of 6.80 mgs. N. over the 
check soils. At subsequent samplings the differences were 
somewhat greater but showed the same general trend. At 
the second the check soils yielded 8.95 mgs. N., those re-
ceiving one-half ton of lime, 12.46 mgs. N.; those with one 
ton, 15.82 mgs. N.; those with two tons, 18.04 mgs., and 
those with three tons, 20.82 mgs. N. Here, too, we find 
the gains very uniform. The total gain for the three ton 
application over the check soils was 11.87 mgs. N.; almost 
twice as much as that obtained at the first sampling. 
At the third sampling the nitrate production was smaller, 
the check soils yielding only 6.85 mgs. N. The" one-half 
ton of lime increased that yield to 7.44 mgs. N., the one ton 
to 8.58 mgs., the two tons to 11.39 mgs. and the three tons 
to 16.40 mgs. N. Here the individual gains were smaller. 
In fact there was hardly an appreciable gain until the two 
ton application was reached. The total gain for the three 
tons was 9.55 mgs. N. 
At the last sampling the check soils gave 7.81mgs.; the 
one-half ton of lime increased that to 9.12 mgs.; the one 
ton to 11.51 mgs.; the two tons to 15.29 mgs.; and the three 
tons to 17.99 mgs. Here we have a gain of 10.18 mgs. N. 
for the three ton application, and again we find the largest 
increase occurring between the one and two ton applica-
tions. 
C.onsidering the results as a whole, applications of lime 
caused increasing nitrate production from ammonium sul-
fate, depending on the amount of lime applied. The gains 
were proportionately larger for all the applications- at all 
samplings following the first. This is in accord with other 
results secured in this work; e. g., the ammonification dif-
ferences were more pronounced at samplings subsequent to 
the first. Another point of interest is that where three tons 
of lime were applied, the percentage gain in nitrates over 
the check soils was the same at all samplings following the 
first. 
RESULTS WITH DRIED BLOOD 
Turning now to Table XVI for the results using dried 
blood, we find them in close correspondence with the ammo-
nium sulfate results. 
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TABLE XVI. THE NITRIFICATION OF DRIED BLOOD 
! 
SOil ! Mgs. N.I AVerage! i\Igs. N· I Average !lI1gs. 1\". 1 Averagel l\Igs. N· I Avcntge ! No. 1. J\Igs. N II. i\Igs. N. III . Mgs. N. IV. Mgs. N. 
1 18.16 17.95 12.95 13. 14 
2 17.70 17.97 17.9..1 17.94 13 .08 13.01 13. 11 13.12 
5 19.98 22.22 14.32 14. 72 
6 20.09 20.03 22.04 22.13 14.41 14.36 14. 71 14.71 
0 21.49 24.87 16.18 16. 18 
10 22.09 21.79 24.\)0 24.88 16.10 16.14 16. 33 16.25 
13 23.25 28.17 20.30 20. 51 
14 23.99 23.62 28.08 28.12 20.38 20.34 20. 47 20.49 
17 25.62 30.72 24.G2 22. 99 
18 26.28 25.95 30.84 30.78 24.56 24.59 23. 03 23.01 
At the first sampling the untreated soils gave 17.97 mgs. 
N. as nitrate. Soils receiving one-half ton of lime gave 
20.03 mgs. N.; one ton, 21.79 mgs. N.; two tons, 23.62 mgs. 
N. ; and three tons 25.95 mgs. N., a gain of 7.98 mgs. N. for 
the three ton application. At the later samplings the dif-
ferences became greater, being in accord with the results 
with ammonium sulfate. At the second date the check soils 
gave 17.94 mgs. N. The one-half ton application of lime 
increased that to 22.13 mgs. N.; the one ton to 24.88 mgs. 
N.; the two tons to 28.12 mgs. :rf.; and the three tons to 
30.78 mgs. N. Here there was a gain of 12.84 mgs. N. for 
the largest application, almost twice as large a percentage 
of gain as at the first sampling. 
At the third sampling the check soils gave 13.01 mgs. N.; 
the one-half ton of lime showed an increase to 14.36 mgs.; 
the one ton to 16.14 mgs.; the two tons to 20.34 mgs. N.; 
and the three tons to 24.59 mgs. N. A gain of 11.48 mgs. 
N. occurred here for the three ton application, almost as 
large a gain as occurred at the first sampling, and a large 
percentage gain. 
At the last sampling the nitrate production ran practi-
cally the same as the third, 13.12 mgs. N. being produced 
by the checks; 14.71 mgs., where one-half ton of lime was 
applied; 16.25 mgs., where one ton was applied; 20.49 mgs. 
for the two tons; and 23.01 mgs. for the three tons. Thus 
when dried blood was employed the gains due to liming were 
quite pronounced, the largest gain occurring where the 
largest application of lime was made. 
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SUMMARY OF RESULTS FOR NITRIFICATION 
Considering now the entire results for nitrification, it 
appears that the use of dried blood or of ammonium sulfate 
is' eminently satisfactory as a measure of the nitrifying 
power of the soils. 
The results obtained with the two substances were in 
close agreement, some differences, however, being worthy of 
note. Thus at the first sampling the gains due to lime were 
proportional to the amounts applied whether dried blood or 
ammonium sulfate was employed as a measure of the nitri-
fying power. At the second sampling the differences 
brought out were much greater in both cases, but while the 
nitrate produced in the check soils with dried blood was 
practically the same as at the first sampling, the amount 
produced with the ammonium sulfate was less than that 
obtained at the first date. The proportional gains were 
considerably wider here where ammonium sulfate was 
used than where dried blood was employed. At the third 
sampling the results agreed more closely, the nitrates pro-
duced with either dried blood or ammonium sulfate being 
less than at the previous sampling and the proportional 
gains for the increasing applications were very similar. At 
NoTtI'N6 lToNS 
Plate V. Nitrification of Ammonium Sulfate. 
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NoTHIN() ~lToN IToN 1 To,"s 3To,,~ 
Plate VI. Nitrification of Dried Blood. 
the last date the results in either case agreed with those at 
the previous sampling, and the differences brought out by 
the lime were practically the same. 
THE CURVES FOR NITRIFICATION 
With a plotting of the curves for nitrification some of 
the differences and agreements just discussed are brought 
out more clearly. 
In the first place, with the exception of those plotted from 
the results of the third sampling, the curves for the nitrifi-
cation of dried blood and ammonium sulfate correspond 
almost exactly. If placed one upon the other they almost 
coincide. We may conclude therefore that the effect of 
applications of lime on the nitrifying power of soils may be 
tested either · with ammonium sulfate or dried blood with 
practically the same results. In other words, the nitrifica-
tion of a protein like dried blood, seems to proceed in the 
same way as that of an ammonium compound. This seem.'! 
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strange when we recall that several more stages are neces-
sary for the transformation of protein into nitrate than for 
the transformation of ammonia into nitrate, and we would 
naturally expect differences to manifest themselves. When . 
we remember, however, that the effect of liming on the 
ammonifying power of the soils corresponded very closely 
to that on the nitrifying power, the mystery is solved, for 
increased ammonia production is always an indication of 
increased nitrate formation. 
Considering now the possibility of any relation between 
numbers and nitrifying power, we find that a gain in num-
bers in this experiment was coincident with a gain in nitri-
fying power. But while the numbers increased from the 
first to the second sampling and then decreased to the third 
and fourth, the nitrification of ammonium sulfate decreased 
f rom the first sampling to the second, further to the third, 
and then increased slightly at the fourth. The nitrification 
of dried blood, however, increased from the first to the sec-
ond sampling and then decreased at the third and fourth. 
At these latter samplings the amounts of nitrates produced 
were almost identical. Thus we may conclude that the nitri-
fication of dried blood is more closely related to the total 
numbers of bacteria appearing on the "modified synthetic" 
agar than is the nitrification of ammonium sulfate. 
CONCLUSIONS OF NITRIFICATION TESTS 
The conclusions to be reached from this experiment are: 
1. Applications of lime cause increasing nitrate produc-
tion from ammonium sulfate and dried blood, depel)ding on 
the amount of lime applied, the gains being almost propor-
tional to the amount of lime. 
2. The curves for nitrification of ammonium sulfate and 
dried blood, with one exception, are practically coincident. 
3. The use of the beaker method with either of the two 
substances is well suited for measuring the nitrifying power 
of a soil. 
4. The nitrification of dried blood is closely related to the 
total numbers of organisms appearing on "modified syn-
thetic" agar, but there is little or no relation 'between num-
bers and nitrate production from ammonia sulfate. 
- - .- . . -- - ~~-~ 
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VIII. THE NITRATES PRESENT IN THE 
SOILS 
We would naturally expect differences in nitrifying power 
to lead to differences in the nitrates present in uncropped 
soils at anyone time. With this idea in mind the nitrates 
present in the soils at each sampling were determined. 
Table XVII shows the results of the determinations. At 
TABLE XVII. NITRATES IN SOILS IN PARTS PER MILLION 
I~~~ IJan. 24 1- Ave. I Feb. , I Ave. I Feb. 21 I AV~. 1M: 16 1 Ave. 
----- --
I 
I I 1 8.92 7.n 10.80 6.50 
2 8 .78 8.85 7.92 7.92 11.24 11.02 7.08 6.79 
5 8.92 8.80 11.15 8.98 
6 8.70 8.81 8.7:! 8.76 11.33 11.24 9.23 9.10 
9 8.82 8.90 12.50 11.86 
10 8 .9G 8.89 8.75 8.82 12.50 12.50 12.02 11.94 
13 8.83 10.71 12.50 14.82 
14 8.83 8.83 10.95 10.83 12.75 12.62 14.67 14.74 ]7 8.92 11.9:! 13.00 16.82 
18 I 8.92 8.92 11.90 11.91 13.00 13.00 17.05 16.93 
the first sampling practically the same amounts of nitrates 
were present in all the soils, showing that the differences 
evidenced by the nitrifying powers of the soil at that date 
had not yet had opportunity to affect materially the nitrate 
store in the soils. 
At the second sampling, however, there had been a grad-
ual increase from 7.92 parts per million nitrogen for the 
check to 11.91 parts per million nitrogen for the three ton 
application. There was a correspondence here between the 
amount of nitrates present and the larger differences in 
nitrifying powers already discussed. At the third date, 
while the amounts of nitrate present were greater than at 
the previous samplings, the differences 'were smaller, due 
perhaps to the effect of some unexpected factor. At the 
last sampling the differences were even wider than at the 
second, showing an accumulation of nitrates from 6.79 
parts nitrogen per million in the check soils to 16.93 parts 
per million of nitrogen in the soils receiving the three ton 
application of lime. 
In a general way it may be said that increased nitrifying 
power causes a small increase in the nitrates present in the 
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soils at anyone time, but occasionally through the inter-
ference of some unknown factor, physical or perhaps bac-
teriological, there is an accumulation of nitrates which 
largely covers up the differences. This interference, how-
ever, seems only temporary and is followed by a lowering of 
the nitrate content of the check soils to the normal or a 
little below, and the differences between them and the 
treated soils appear much more distinctly than before. 
The conclusions to be reached from these results are: 
1. Applications of lime lead to slightly increased accumu-
lations of nitrates. 
2. Increased nitrifying power is followed by slight in-
creases in nitrate content of soils. 
3. Natural increases in nitrates in soils obscure the dif-
ferences due to treatment. 
IX. NI1'R0 GEN-ll'IX A1'ION EXPERI-
MEN1'S 
The nitrogen-fixation experiments were carried out ac-
cording to both the solution and the beaker methods in order 
TABLE XVIII.. NITROGEN FIXATION IN MANNITE 
(I AND II) SOLUTIONS 
SOIl Lab. 9 days Average Lab. 15 days Average . 1 1 Feb. 2 1 I 1 Feb. 22 1 I 
No. No. Mgs N Mgs. N. No. Mgs N Mgs. N. 
1 1 8.10 101 10.47 
2 2 8.10 8.10 102 10.13 10.30 
2 3 10.13 103 11.15 
4 10.81 10.47 104 10.13 10.64 
5 5 23.65 105 11.48 
6 19.26 21.45 106 9.46 10.47 
6 7 16.55 107 10.47 
8 13.51 15.03 108 11.48 10.97 
9 9 19.26 109 12.50 
10 13.51 16.38 110 10.47 11.48 
10 11 9.46 111 10.47 
12 8.44 8.95 112 11.48 10.97 
13 13 11.82 113 11.82 
14 9.46 10.64 114 11.48 11.65 
14 15 10.13 115 12.16 
16 8.44 9.28 116 13.17 12.66 
17 17 10.13 117 13.17 
18 -8.44 9.28 118 13.17 13.17 
18 19 9.12 
'1 
119 13.51 I 20 8.10 8.61 120 13.17 13.34 
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to test their relative values. Tables XVIII and XIX give 
the results in detail and Table XX the summarized results 
obtained by the solution method. 
The results obtained at the first sampling were very 
irregular and it was very difficult to reach conclusions from 
their consideration. The check soils fixed 8.10 and 10.47 
mgs. N., respectively, giving an average of 9.28 ·mgs. N. 
The soils receiving one-half ton of lime yielded 21.45 and 
15.03 mgs. N., or an average of 18.24 mgs. N., almost dou-
ble the amount fixed by the check soils. Soils 9 and 10 gave 
16.38 and 8.95 mgs. N., respectively, or an average of 12.66 
mgs. N. Those soils receiving two tons of lime gave 10.64 
and 9.28 mgs. N., or an average of 9.96 mgs. N. Soils 17 
and 18 yielded 9.28 and 8.61 mgs. N. respectively, giving an 
average of 8.94 mgs. N., a very slight increase over the 
check soils. 
Although the duplicates do not agree satisfactorily, from 
the averages given in Table XX we find that one-half ton 
TABLE XIX. NITROGEN FIXATION IN MANNITE SOLUTIONS 
(III AND IV) 
1 201 12.11 I 301 18.34 202 11.79 11.95 302 18.01 18.17 
2 203 12.11 303 14.08 
204 12.44 12.27 304 13.75 13.91 
5 205 14.41 305 15.06 
206 13.10 13.75 306 15.39 15.22 
6 207 13.42 307 14.73 
208 12.77 13.09 308 15.39 15.06 
9 209 14.08 309 17.03 
210 13.10 13.59 310 17.68 17.35 
10 211 13.10 311 16.70 
212 13.75 13.42 312 16.70 16.70 
13 213 17.03 313 15.06 
214 16.70 16.86 314 14.41 14.73 
14 215 15.39 315 14.73 
216 16.70 16.04 316 14.73 14.73 
17 217 15.39 317 15.06 
218 13.75 14.57 318 15.39 15.22 
18 219 15.39 319 15.39 
220 14.73 15.06 320 15.39 15.39 
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of lime caused the largest nitrogen fixation, and two and 
three ton applications gave little or no gains. Evidently 
the smaller applications of lime influenced the nitrogen fix-
ing flora of the soil more quickly than the larger amounts. 
TABLE XX. NITROGEN FIXATION IN SOLUTIONS 
1 
Soil 1 Mgs. N· I Average 1 )igs. N. Ayerage 1 ilfgs. N· I Average 1 ~lgs . N .. jAverage -I No. I. i\Igs. N. II. Mgs. N . III. Mgs. N. [V. Mgs. N. 
1 8.10 10.30 11.95 I 18.17*1 2 10.47 9.28 10.64 10.47 12.27 12.11 13.91 13.91 
5 21.45 ] 0.47 13.75 15.22 
6 15.03 18.24 10.97 10.72 13.09 13.42 15.06 15.14 
9 16.38 11.48 13 .59 17.35 
10 8.95 12.661 10.97 11.22 13.42 13.50 16.70 17.02 13 10.64 11.65 16.86 14.73 
14 9.28 9.96 12.66 12.15 16.04 16.45 14.73 14.73 
17 9.28 13.17 14.57 15.22 
18 8.61 8.94 I 13.34 I 13.25 15.06 14.81 15.39 15.30 
*Not included in the average. 
At the second sampling the duplicate results were quite 
satisfactory and some small gains for the applications of 
lime were apparent. 
The check soils gave an average of 10.47 mgs. N. fixed. 
One-half ton of lime increased that very slightly to 10.72 
mgs. N., one ton to 11.22 mgs. N., two tons to 12.15 mgs. 
N., and three tons to 13.25 mgs. N., there being a gradual 
increase in nitrogen fixed with an increase in the amounts of 
lime applied. 
At the third sampling the differences were somewhat 
wider. The check soils gave 12.11 mgs. N. fixed; those 
receiving one-half ton of lime, 13.42 mgs. N.; one ton, 
practically the same, 13.50 mgs. N.; two tons, a large in-
crease to 16.45 mgs. N.; and three tons, 14.81 mgs. N., an 
increase over the check soils of 2.70 mgs. but a decrease 
over the two ton application. From the results of this 
sampling it seems that the two ton application of lime gave 
the largest increase in nitrogen fixation, 4.34 mgs. N., and 
further amounts of lime yielded smaller proportionate 
gains. 
At the fourth sampling the results were very irregular, 
the check soils showing poor agreement. Soil 1 gave 18.17 
and soil 2, 13.91 mgs. N. Soil 1 was eliminated from the 
average as it was deemed that the fixation recorded in it 
might have been accidental. In that case the cause for it 
must be sought in the soil itself and not in the determina-
tions, as the duplicates as shown in Table XIX agree very 
satisfactorily. 
The one-half ton of lime gave an average of 15.14 mgs. 
N. fixed, the one ton, 17.02 mgs. N.; the two tons, 14.73 mgs. 
N., and the three tons, 15.30 mgs. N. Here we find that the 
largest fixation occurred with the one ton application of 
lime, 3.11 mgs. N., while the largest application yielded 
about the same results as the one-half ton application. 
SOLUTION METHODS UNSATISFACTORY 
Considering the results of the solution method as a whole, 
we find them somewhat unsatisfactory. At the first sam-
pling the agreement of duplicates was so poor that any 
conclusions would hardly be justified. At the later samplings 
the effects of lime showed some differences in nitrogen fixa-
tion, but the maximum fixation was recorded at different 
points at the various samplings; at the second the three 
tons of lime gave the largest gain; at the third the two tons; 
and at the fourth the one ton. 
This might be explained on the theory that the larger 
amounts of lime at first caused a maximum increase in 
azotobacter but that subsequently the smaller amounts 
forged ahead. This is plausible, but in the light of the re-
sults obtained by the beaker method it seems probable that 
the variations should be attributed to outside sources, pos-
sibly to the interference of molds or other: fungi. 
BEAKER METHOD RESULTS ARE STRIKING 
The results obtained by the beaker method are much more 
striking. They are given in detail in Tables XXI, XXII, · 
XXIII and XXIV. The summarized results and averages 
may be found in Table XXV. 
At the first sampling the check soils yielded 0 and 0.81 
mgs. N. fixed. This is a very peculiar fact and can be 
explained only on the basis of the short period of incubation, 
or some other conditions of the experiment, as at all the 
other samplings the check soils yielded quite a large fixation. 
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TABLE XXI. NITROGEN FIXATION IN BEAKERS (I) 
Soil Lab. Present at Present at Nitrogen 
Average 
Nitrogen 
No. No. beginning End fixed fixed Mgs. N. Mgs. N. Mgs. N. Mgs. N. 
• fj if 
1. 1. 280.01 278.37 -1.6~ 
2. 280.01 281.65 1.64 0.00 
2. 3. 280.01 280.00 -0.01 
4. 280.01 281.65 1.64 0.81 
5. 5. 280.01 284.92 4.91 
6. 280.01 286.56 6.55 5.73 
6. 7. 280 .01 286.56 6.55 
8. 280.01 286.56 6.55 6.55 
9. 9. 280.01 293.11 13.10 
10. 280.01 294.75 14.74 13.92 
10. 11. 280.01 293.11 13.10 
12. 280 .01 294.75 14.74 13.92 
13. 13. 
I 
280.01 296.38 16.37 
14. 280.01 294.75 14.74 15.55 
14. 15. 280.01 296.38 16.37 
16. 280.01 296.38 16.37 16.37 
17. 17. 280.01 302.93 22.92 
18. 280.01 302.93 22.92 22.92 
18. 19. 280.01 304.57 24.56 
20. [ 280.01 304.57 24.56 24.56 
TABLE XXII. NITROGEN FIXATION IN BEAKERS (II) 
Lab. Present at Present at Nitrogen 
Average 
Soil Nitrogen 
No. No. beginning End fixed fixed 
Mgs. N. Mgs. N. Mgs. N. Mgs. N. 
-
1. 101 280.01 294.75 14.74 
102 280.01 298.02 18.01 16.37 
2. 103 280.oI 294.75 14.74 
104 280 .01 294.75 14.74 14.74 
5. 105 280.01 294.75 14.74 
106 280.01 301.30 21.29 18.01 
6. 107 280 .01 298.02 18.01 
108 280.01 301.30 21.29 19.65 
9. 109 280.01 301.30 21.29 
110 280.01 298.02 18.01 19.65 
10. 111 280.01 301.30 21.29 
112 280.01 298.02 18.01 19.65 
13. 113 280.oI 307.85 27.84 
114 280.01 304.57 24.56 26.20 
14. 115 280.01 311.12 31.11 
116 280.01 304.57 24.56 27.83 
17. 117 280.01 314.40 34.39 
118 280.oI 317.67 37.66 36.02 
18. 119 280.01 317.67 37.66 
[ 120 280.01 317.67 37.66 37.66 
98 
TABLE XXIII. NITROGEN FIXATION IN BEAKERS (III) 
Soil Lab. Present at Present at 
Nitrogen Average 
fixed Nitrogen 
No. No. beginning End Mgs. N. fixed Mgs. N. Mgs. N. Mgs. N. 
1. 201 280.01 288.20 8.19 I 
202 280.Q1 288.20 8.19 8.19 
2. 203 280.01 291.47 11.46 
204 280.01 288.20 8.19 9.82 
5. 205 280.Q1 298.02 18.Q1 
206 280.01 294.75 14.74 16.37 
6. 207 280.01 291.47 11.46 
I 
208 280.01 294.75 14.74 13.10 
9. 209 280.01 294.75 14.74 
210 280.01 298.02 18.01 16.37 
10. 211 280.01 291.47 11.46 
212 280.Q1 298.02 18.01 14.73 
13. 213 280.01 301.30 21.29 
l 214 280.01 304.57 24.56 22.92 
14. 215 280.01 307.85 27.84 
216 280.01 304.57 24.56 26.20 
17. 217 280.01 317.67 37.66 
218 280.01 317.67 37.66 37.66 
18. 219 280.Q1 320.95 40.94 
220 280.01 324.22 44.21 42.57 
TABLE XXIV. NITROGEN FIXATION IN BEAKERS (IV) 
Soil Lab. Present at Present at Nitrogen 
Average 
Nitrogen 
No. No. beginning End fixed fixed 
Mgs. N. Mgs. N. Mgs. N. Mgs. N. 
1. 301 280.01 294.75 14.74 
302 280.01 294.75 14.74 14.74 
2. 303 280.01 294.75 14.74 
304 280.Q1 294.75 14.74 14.74 
5. 305 280.Q1 298.02 18.01 
306 280.01 301.30 21.29 19.6[; 
6. 307 280.01 298.02 18.01 
308 280.01 298.02 18.01 18.01 
I 
9. 309 280.Q1 301.30 21.29 
310 280.01 304.57 24.56 22.92 
10. 311 280.01 304.57 24.56 
312 280.01 304.57 24.56 24.56 
13. 313 280.01 307.85 27.84 
314 280.Q1 307.85 27.84 27.84 
14. 315 280.Q1 307.85 27.84 
316 280.Q1 311.12 31.11 29.47 
17. 317 280.Q1 317.67 37.66 
318 280.Q1 320.95 40.94 39.30 
18. 319 280.01 324.22 44.21 
320 280.Q1 320.95 40.95 42.57 
-
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TABLE XXV. NITROGEN FIXATION IN SOILS 
I Soil I T'~ \ Average I U. I·\ verage I T !.l1 I Average I T I.V I Averagej 1\0. N.l"xed :\lgs. N. N.l<txed :\Jgs. N. N. l<txed 31gs. N . N.Flxed Mgs. N. :\lgs. Mgs. 3lgs. Mgs. 
I 
I 
I 
I 8.19 I I 14.74 I 1 0.00 16.37 
I I 
:! 0.81 
0.40 1 
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The first lot of samples was incubated only one week, while 
the others were incubated fifteen to sixteen days, which 
explains the larger amounts of nitrogen fixed in all cases. 
The soils receiving one-half ton of lime gave 5.73 mgs. 
and 6.55 mgs. N., respectively, or an average of 6.14 mgs. 
The one ton application gave an increase to 13.92 mgs. N. 
fixed, the duplicates agreeing exactly in this case. The two 
ton application yielded 15.55 and 16.37 mgs. N. fixed, re-
spectively, or an average of 15.96 mgs. The three tons gave 
22.96 and 24.56 mgs. N., or an average of 23.71 mgs. N. 
fixed. 
At the second sa.mpling the amount of nitrogen fixed in 
the check soils was quite large, almost as much as was fixed 
where the two tons of lime were applied at the first 
sampling. They gave 16.37 and 14.74 mgs. N. fixed, or an 
average of 15.55 mgs. Soils 5 and 6 gave increases to 18.01 
and 19.65 mgs., or an average of 18.83 mgs. N., and Soils 
9 and 10 each gave 19.65 mgs. N. fixed. Soils 13 and 14 
showed a larger gain to 26.20 and 27.83 mgs. N., or an 
average of 27.01 mgs. N., and Soils 17 and 18 gave a still 
greater increase to 36.02 and 37.66 mgs. N., or an average 
of 36.84 mgs. The gain of the largest application over the 
check soils at this sampling was much less than that at the 
first sampling, but owing to the uncertainty regarding the 
results for the check soils at that date no conclusions are 
permissible. 
At the third sampling the nitrogen fixed by the check 
soils, 8.19 and 9.82 mgs., or an average of 9.00 mgs., was 
less than at the previous date. Soils 5 and 6 gave increases 
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to 16.37 and 13.10 mgs. N., or an average of 14.73 mgs. N., 
showing a much larger gain than at the earlier date. Soils 
9 and 10 yielded 16.37 and 14.73 mgs. N., or an average of 
15.55 mgs. N., a very small gain over the one-half ton 
application. The two tons of lime gave 22.92 and 26.20 mgs. 
N., or an average of 24.56 mgs. N., showing a large gain 
over the one ton application, and the three tons of lime 
caused a surprisingly large fixation, 37.66 and 42.54 mgs. N., 
or an average of 40.11 mgs. N., an increase of 15.55 mgs. 
over the two ton application and of 31.11 mgs. over the check 
soils. The proportionate gains here for the applications of 
lime are considerably higher here than at the previous 
samplings. 
At the last sampling the check soils gave 14.74 mgs. N. 
fixed. The one-half ton of lime increased that to 19.65 and 
18.01 mgs. N., or an average of 18.83 mgs. N.; and the one 
ton gave 22.92 and 24.56 mgs. N., or an average of 23.74 
mgs. N. fixed. The two tons of lime gave 27.84 and 29.47 
mgs. N., or an average of 28.65 mgs. N. fixed; and the three 
tons yielded 39.30 and 42.57 mgs. N., or an average of 40.93 
mgs. N. The proportionate gains at this sampling were less 
than at the third, the maximum gains due to the lime occur-
ring at that time. 
THREE TON APPLICATIONS GIVE LARGEST GAINS 
We find that at all the samplings the greatest actual and 
proportionate gain in nitrogen fixed was given by the three 
ton application of lime; in one instance this amount show-
ing a gain of 31.11 mgs. N. over the check soil, and of 15.55 
mgs. over the two tons. This gain of 15.55 mgs. N. for one 
ton is much greater than the gain given by one ton alone or 
by the one ton additional when increasing the application 
from one to two tons. 
In all cases, therefore, the application of three tons of 
lime would seem the most profitable from the standpoint of 
actual nitrogen fixed in the soils. 
The curves bring out the results strikingly. The curves 
for the last three samplings are very similar and all show 
larger fixation that that occurring at the first date. Thus 
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we find here again that the results of the first sampling are 
not in accord with the later determinations. The effects of 
the applications of lime on the nitrogen-fixing organisms 
seemed to become more pronounced subsequent to the first 
sampling, they reached a maximum at the third sampling, 
and then began to diminish. 
Comparing these curves with those given by the results 
in the solutions we find complete absence of any analogy. 
The curves given by the solution method run very close 
together and the increased fixation due to lime is very small 
in every case after the first sampling. At each date the 
maximum fixation occurred at a different point and was 
followed by a depression which at the first sampling ex-
tended below the check soils. 
These results as already mentioned, however, may be re-
garded as abnormal for some unknown reason. From this 
experiment, therefore, the conclusion seems justified that the 
solution method is entirely inadequate for testing the nitro-
gen fixing power of soils. 
GENERAL CONCLUSIONS OF EXPERIMENT 
The general conclusions from this experiment are: 
1. Applications of lime increase the nitrogen-fixing powers 
of the soils to an enormous extent, in one case the increased 
fixation amounting to over 900 pounds of nitrogen per acre, 
this being obtained where three tons of lime were applied. 
2. The increased fixation in most cases is almost directly 
proportionate to the applications of lime, three tons of lime 
causing a gain of almost three times as much nitrogen fixed 
as one ton caused. 
3. The beaker method for testing the nitrogen fixing 
power of the soil is eminently satisfactory and the 'solution 
method is quite unreliable. 
,-~-,.~-,-,---- --
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X. THE DENITRIFICA'l'ION EXPERI-
MEN'l'S 
At the first and second samplings inoculations were per-
tormed as described to test the denitrifying power of the 
soils in solutions and in beakers. After incubation quali-
tative tests showed no nitrates present in the solutions, but 
upon digestion for total nitrogen it was found that there had 
been complete transformation of the nitrate nitrogen into 
protein and that no loss had occurred. Similarly in the soils 
there was no loss of nitrates, just as much being present at 
the end as at the beginning of the experiment. The experi-
.nents were therefore discontinued and at the subsequent 
samplings no inoculations for denitrification were made. 
The reason for this lack of denitrification might be the 
absence of denitrifying bacteria, or it might be that the 
conditions of the experiment were not optimum for denitri-
fication. Furthermore, although denitrification has often 
been shown to occur in Giltay solution, some investigators' 
hnve found quantitative transf01'mation of nitrates into pro-
tein similar to that secured here, to take place in it. 
In regard to the beaker method, no work has been done 
with it, beyond that carried on when it was devised, w}.ich 
was quite satisfactory, so that no suggestion can as yet be 
offered as to improving the method to make it more accurate 
and dependable. The problem of testing further and modify-
ing this method for denitrification to make it more satis-
factory is one of the many which confronts us. 
' Ge rlach & Vogel Cen tbJ. f . Bakt. (etc. ) 2 'lbt., 7 (1901) , p. 609. 
Lobn is- I bid ., 14 (1905) , p. 598. 
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XI. THE CROP EXPERIMENTS 
In Table XXVI will be found the results of the crop exper-
iment. This was carried out in exact duplication of the bac-
teriological experiments. The oats were planted in Decem-
ber and after germination were thinned to twenty-five plants 
per pot. March 31 the crop was harvested. This was done 
much earlier than was intended and considerably before 
maturity of the oats, because the ventilators of the green-
house were accidentally left open one night and the oats in 
the pots receiving the largest application of lime were 
frosted. It was therefore deemed necessary to harvest the 
crop before the differences were neutralized. Thus, while 
the differences which are brought out in the table are quite 
definite, had the crop been permitted to grow to maturity 
they would undoubtedly have been much larger. 
After harvesting, the crop was dried and weighed. These 
dry weights as tabulated bring out the effects of lime quite 
distinctly, although in some cases the duplicate crops do not 
agree very well. It will be noticed in this connection that 
in each pair of duplicates there is one large and one small 
weight; furthermore, that the small weight always occurs 
in the even numbered pot. This variation may be explained 
by the fact that the odd numbered pots were nearer the glass 
in the greenhouse; the difference in light and heat conditions 
evidently affected the development of the oats. 
Taking the averages of the duplicate soils we find that the 
checks gave 10.25 gms.; those receiving one-half ton of 
lime, 10.40 gms.; one ton, 10.45 gms.; two tons, 11.20 gms.; 
and three tons, 13.35 gms. Thus while a slight gain in dry 
matter occurred where applications of one-half and one ton 
of lime were made, much larger gains occurred with the two 
and three ton amounts. 
NITROGEN CONTENT OF OATS CROP 
Turning now to the nitrogen content of the crops which 
was obtained by analyzing the dried, ground sample, we find 
that there was a tendency toward equalization in the dupli-
cates; the crop of smaller bulk yielding a higher percentage 
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TABLE XXVI. THE EXPERIMENT WITH OATS 
Soil Weight of Average Per cent Total N. Average N. 
No. Crop Weight Nitrogen in Crop present 
Gms. Gms. Mgs. Mgs. 
I 
3 11.5 1.621 186.41 
4 9.0 10.25 2.030 182.70 184.55 
7 11.0 1.784 196.24 
8 9.8 10.40 2.177 213.34 204.79 
11 10.5 1.997 209.68 
12 10.4 10.45 2.227 231.60 220.64 
15 11.4 2.074 236.43 
16 11.0 11.20 2.243 246.73 241.58 
19 14.1 1.883 265.50 
20 12.6 13.35 1.915 241.29 253.38 
of nitrogen. Thus in the checks the crop from Soil 3 con-
tained 1.621 per cent N., while that from Soil 4 gave 2.030 
per cent N.; hence the total nitrogen in the crops amounted 
to 186.41 mgs. N., and 182.70 mgs. N., respectively, or an 
average 'of 184.55 mgs. N. 
The crops from Soils 7 and 8 receiving one-half ton of lime 
gave 1.784 per cent N., and 2.177 per cent N. respectively, 
and the total nitrogen therefore amounted to 196.24 and 
213.34 mgs. N., there being more nitrogen removed in thi~ 
smaller crop. The average obtained was 204.79 mgs. N., 
showing a gain of 20.24 mgs. N. over the check crop. 
The crops from the soils receiving one ton of lime con-
tained 1.997 and 2.227 per cent N., respectively, giving 
209.68 and 231.60 mgs. N. for the amount removed in the 
crops, or an average of 220.64 mgs. N. This is a gain of 
36.09 mgs. N. over the check crops and of 15.85 mgs. N. , 
over those where one-half ton was employed. 
The crops from Soils 15 and 16 where two tons of lime 
were applied gave nitrogen percentages of 2.074 and 2.243, 
showing therefore 236.43 and 246.73 mgs. N. present in the 
crops, or an average of 241.58 mgs. N. This is a gain of 
57.03 mgs. N. over the check crops and of 20.94 mgs. over 
the crops from Soils 11 and 12. 
The percentage of nitrogen in the crops from Soils 19 
and 20 where three tons of lime were applied was 1.883 and 
1.915 respectively, yielding 265.50 and 241.29 mgs. N. in the 
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crops, or an average of 253.38 mgs. N. Here we find that 
the three tons of lime increased the nitrogen in the crop t:y 
68.83 mgs. while the increase over the crops from Soils 15 
and 16 was 11.80 mgs. N. 
Hence it is evident that while applications of one-half and 
one ton of lime to the soil increase the crop yield very 
slightly the composition of the crop is materially affected, 
about the same weight of crop containing 20.24 and 36.09 
mgs. more of nitrogen. 
Two tons of lime increased the crop yield quite materially 
but the gain in nitrogen in the crop was again much more 
14 
_11 13 
i p:: 
'" 
W 
<!! ~ 0 0:: 
I:: Z. 2 
>-
'" 
p: 
~ R 
<C 
It: 
'" '" Z J 
::! « 
2 II It: 
<.!) 
~ __ ro 
ITo .. 
Plate IX. 
- - - - Nitrogen in Crop. 
----- Dry Matter in Crop. 
107 
than proportional to the yield. With three tons of lime the 
crop yield was considerably larger than from the check, but 
the gain in nitrogen in the crop did not run parallel to the 
increase in yield. 
Turning to the curves in Plate IX these facts are brought 
out very clearly, the curve for nitrogen content being almost 
a straight line, while that for yield of dry matter makes two 
distinct changes in direction. 
CONCLUSIONS OF CROP EXPERIMENT 
The conclusions from this experiment are: 
1. Applications of lime up to three tons per acre increased 
the crop yield. 
2. One-half and one ton applications of lime cause a very 
small increase, but with the two and three ton amounts the 
yield is materially affected. 
3. The nitrogen content in the crops is increased much 
more rapidly than the yield itself. 
4. The crops from the soils receiving small amounts of 
lime contain much larger amounts of nitrogen than those 
for the check soils, although the weights are practically the 
same. 
